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(57) Abstract 



Methods are disclosed for the production of anti-self an- 
tibodies and antibody fragments, being antibodies or frag- 
ments of a particular species of mammal which bind self-anti- 
gens of that species. Methods comprise providing a library of 
replicable genetic display packages (rgdpsX such as filamen- 
tous phage, each rgdp displaying at its surface a member of a 
specific binding pair which is an antibody or antibody frag- 
ment, and each rgdp containing nucleic acid sequence derived 
from a species of mammal The nucleic arid sequence in each 
rgdp encodes a polypeptide chain which is a component part of 
the sbp member displayed at the surface of that rgdp. Anti-self 
antibody fragments are selected by binding with a self antigen 
from the said species of mammal. The displayed antibody frag- 
ments may be scFv, Fd, Fab or any other fragment which has 
the capability of binding antigen. Nucleic acid libraries used 
may be derived from a rearranged V-gene sequences of unim- 
munised mammal. Synthetic or artificial libraries are described 
and shown to be useful 
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PRODUCTION OF ANTI-SELF ANTIBODIES FROM ANTIBODY SEGMENT REPERTOIRES AND 
DISPLAYED ON PHAGE 

This invention relates to the isolation of antibody 
molecules directed against self antigens, e.g. human 
antibodies directed against human self antigens. Phage 
display technology for selection of antibody molecules 
was described in W092/0i047, PCT/GB92/00883., . ; 

PCT/GB92/01755 and GB9206372.6. The applicants have 
realised that antibodies directed against ^self antigens ti - 
can be isolated using phage display technology. 

Human antiself antibodies are of particular value £ 
forf in vivo therapeutics and diagnostic purposes, since • ;U | 
they avoid the problems^ arising from the antigenicity of 
foreign, e.g. mouse Antibodies. The most ^useful human 
anybodies for therap>Jllre those directedffigainst cell 
surface molecules, such" as receptors, adhejins and 
integrins, and those ^^cted against cir|||lating 
biological effector J^^^ 111 ® 3 ^ such as hgrjaones , growth - 
factors and cytokineJ^^ has been extrengl^ difficult to 
o^in human antibodi^^against such sel^^tigens. This. , 
injpntion provides a|po^rful way of obt^plng such . a 

ar^Lbodies. ISp i^fc 

Ijh'I* is a demandiri^task to isolate arjpantibody 
fragment with specificity against self afj^gen. Animals a 
dd^iot normally produol antibodies to seJ^ antigens, a 
phencnnenon called tolerance (G.J-Nossal Science 245 
147-153, 1989). Autoimmune diseases may result from a 
breakdown in tolerance^ In general, vaccination with a 
self antigen does not result in production of circulating 
antibodies. It is therefore difficult to. raise 
antibodies to self antigens, particularly in humans. It 
is ^possible to raise antibodies that recognise human 
antigens in an animal such as a mouse, especially if the 
human antigen is not too closely related to any 
equivalent in the animal. If a human antibody is then 
required it is necessary to 'humanise' the antibody, e.g. 
by CDR grafting (patent GB2188638B). 

Phage antibody technology as described in 
(W092/01047) offers the ability to isolate such human 
antibodies directly. In this application, we demonstrate 
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for the first time that antibodies against self-antigens 
can be isolated from phage libraries derived from, for 
example, nonimmunised sources and from libraries prepared 
by synthetic recombination of V-gene sequences, 
preferably recombination of VH with, DH and JH^and VL 
with JL sequences. These antibodies are specific for 
their antigen. This application shows that single 
libraries derived in this manner can act as a source of 
both foreign and self antigens and opens up theprospect 
of a large, universal library, to isolate antib^es. to 

any antigen. -Jfe 2'^^ 

Itfwas disclosed in plant application WO|2/01047 
that anybody fragments cape displayed on ^surface 
of bac#iophage and thatgey will bind antigen^ 
Antibo^fragments can bejljectly selected us|ng this 
charac^istic. This abil»|to isolate antibjgfc 
fragmelR(Fab, Fv, scFvJpvH) using their^play on 
the sxiHace of filamentoupacteriophage has. opened up 
the prlipect of the isolajp of antibody spe^cities 



20 (i.e. Itibodies directed||^nst a Particul^tigen) 
that difficult or imjfsible to isolate^xously. 

la particular W092/01047 d§onstrates that antibody 
specificities can be isolated from a human whj|has not 
been specifically Immunised ( 'unimmunised' K even 

25 specificities for antigens f such as 2-phenyl-5r|xazolone 
to which humans will not normally be exposed^ 

in embodiments of this invention, nature^ or 
synthetic antibody repertoires derived from a species of 
mammal, such as human, mouse, rat, sheep, pig,, goat, 

30 horse or other, are displayed on the surface of a 

replicable genetic display package (rgdp) and the binding 
specificity for self is selected by binding to self 
antigen. In this process, the V gene repertoires are 
derived from V genes rearranged in vitro or In vivo and 

35 or by mutation of (a) rearranged V gene(s). A key feature 
of the V gene repertoires is that they are extremely 
diverse in sequence, * usually in excess of -10* different 
members. Indeed it is possible that a sufficiently large 
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library may provide a source of specificities directed 
against any self antigen. The V-gene repertoires are 
cloned into the rgdp (for example a filamentous phage 
vector) such that antibody repertoires are displayed on 
the surface of the rgdp. The rgdps encoding rare antibody 
specificities binding to antiseif, may be selected by 
virtue of binding to the self antigen. The antibody 
repertoires may be cloned in a single replicon or. .a dual 
replicon format as described in\WO92/01047 and 



PCT/GB92/008JB3. 



fcr 



The V genes may be cloned Into the genetic »a|eVial 
of the rgdp| and expressed as single domains, for^ample 
single heavj chain variable domtins, so called Sfngie 
domain ligafes or "dAbs" (see.wg?0/01544), or as 



associated^tibody heavy and^ght chain variabl 

domains. f H fj . I W 

The tSffSdomains could be^iissplayed as separata* 



polvpeptidffcshains (linked as||||Fab fragments t^gh 
non-covaleS§rassociation of Jps and/or disulj||pe 
bonds), or|||s part of the sam|ppain (single chaMp 
fragments Sere the two domainifare contained, witnln 
same polypeptide chain). 

in W09 t 2/01047 and example^- 1 to 8 of this J| 9? 
application" we have used fusion of antibody f ragmgits to 
gene 3 protein of filamentous bacteriophage f or ^splay 
and selection of antibody fragments. An alternative 
approach would be to fuse antibody fragments to gene 8 
protein or other surface molecules of filamentous.^ 
bacteriophage. 

isolation of human antibodies directed against human 
antigens is a demanding task. There are only a limited 
number of human antigens against which circulating human 
antibodies are naturally found. Antibodies are present 
directed against non-self antigens of human origin. 
Antibodies directed against human blood group B have been 
isolated from a phage display library prepared from 
subjects of blood group 0 (J.D. Marks et al, J. Mol. 
Biol. 222 581-597, 1991), which recognise the blood group 
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B antigen as foreign. aenera l method 

This invention is concerned with a genera 
for ^ e Elation of antibodies directed agaxnst self - 
Thich are specific for the antigen cone erned. 

Many patients ^ ^^^^^ » 
circulating autoantibodies. It - - individuals 
30% of B lymphocytes in normal, and A . cooled 

engaged in making autoantibodies (X.R. Cohen .m iv . 

. -7 ^-364 1986). However, the naturai 
. Immunol. Today 7 363-3b«, x*oo, S/ 
. immune , t lendi themselves to - ^ 

jjg: autoantibodies' produced do not xen% _ ano|P : 

^erapeutic use asfthey are often IgM, low affinity an | 
therapeunc Ho&ins Ann. Rev. % - 

t .„^^-; T ,p, fp^fcasali and A.L. wow"" • * .-. 

154-159). ta £8uiie response agarnjt.self can a 
autoinm u,e after ">*«ttg» ^ £ \Xehs <flfe> 

monoclonal entries TsL« »' 

r a^m are ~A^^3 

^ mBHA of plas^feils secreting rggor ««^2a»' 
^ lead to the isolation - "^££^25*- 

re eled to be isolated from antibody repertoires -de 
finnTlgG mRNA of myasthenia gravis patients. For 

T af antibody fragment specific for human thyroid 
e^ple, an ^ bact eriophage lambda 

peroxidase has been isolated, trom « 

CLary fro* a patient with thyroid autoxenune disease 

« al Biochee. Biophys. lW 
372-377. 1991). This however required extensive 



35 



'„ of 200 000 plaques to obtain one clone. In 
screening of 200,000 p qu tissue , a 

addition, this library was derived from ^ 
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the phage system, demonstrated in WO92/01047 allows the 
ready isolation of autoantibodies from the IgM mRNA of 
peripheral blood lymphocytes of a donor without disease. 
We show in example 2 that antibodies binding to human 
thyroglobulin (which can be found in the sera of people 
with or without symptomatic autoimmune disease), can be 
isolated from phage repertoires prepared £rom unimmunised 
humans. One would ndt expect necessaril £ to be able to 
obtain antibodies to fiuman thyroglobulin|by . immunising a 
human with human thyroglobulin, notwithstanding the 
presence of thyrogloluiin autoantibodies^^ many people. 



Autoantibodies agairifjjpthyroglobulin in 
b^en reported often Jgpiave a high degree 
polyreactivity (S.Avxjsneas, 1991 supra) 
itKpse which are i splated using a method 
-present invention isgg|y ln 9 phage anti 
?iSel example 2 for iii|ance, are specific] 



Srmal sera have 



n contrast, 
[opprding to the 



j|groglobulin. 

In this appllqap 



ran, we also demons 




!ate that even 
actor- a can be 
in example 1 f roni^^^ same library 

Many 



^antibodies againstfchum^ tumour necrosis 
^Isolated as descril>e 

lithe antibodies ducted against th y^^o? bulin ■ 
lelf antigens do no^kve detectable asso^ated 



sell oiicxyciio v*vr ^Sp^ — * CSI- 

"circulating autoantibodies. Further, example 3 shows the/rgj^ 



isolation of antibodies against the self /{antigens mucin, 
carcinoembryonic antigen (CEA) and CD4, antibodies to 
which have not been reported in normal sera. Moreover, 
-these antibodies are specific, whereas there is often a 
high degree of polyreactivity in natural . autoantibodies 
which can sometimes be found. The vast majority of self 
antigens do not have detectable associated circulating 
autoantibodies. Thus the isolation of antiself 
antibodies as described in this invention opens the 
prospect of the direct isolation of human antibodies 
binding to human antigens for a number of purposes such 
as antibodies which bind to circulating hormones to 
block, modify or potentiate their action or antibodies 
that bind to cell surface antigen for imaging or killing 



W. 
nod 
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for example of cancer cells. 

The origin of the V genes that: contribute to 
anti-self antibodies isolated' from phage display • 
libraries is not clear. Tolerance to self antigens by 
the immune system (preventing the generation of 
antibodies directed against them) is mediated by either 
clonal deletion or functional inactivation (energy) of 
self-reactive B lymphocytes ,(D. A. Nemazee S K.Burki Nature 
337 562-566, 1989; C.C.Goddnow et al Nature 334 676-682, 
1988; f :B.Hartley et al Nature 353 765-769, 1|?1; 
D.M.Russell et al Nature 35^ 308-311, 1991). Vg. either 
case lifele circulating anj^self antibody is det ectable 
for mos% antigens. Howevef ;in the case of aflggy, 
functi&lly inactivated s|f -reactive cellsjrom the B 
age persist in peripheral lymphoid 




B cells in 



ation. These rare| 

■■ an ■• ■ - •'• d3 

with anti-sellflpecificity may pi 



heavy 



chain partners ("Seven both) for _P*|||L 

: m with anti-selfMpi ficities - .^f^*^ 61 *' 
-self specif icitjlfcmay arise from Jh^ 



combination in the library 



if a VH domain 



.rM soecif iciW that is normally-deleted if 

domain xto give a s P ec " i H-|f. , .:ixnr- - 

. « . For ;this reason, combinatorial 



it occtits in nature. 



_ _ ... it^ttj* * ■ 

libraries and -chain-shuffled' libraries such^s 
described in patent applit^tions W092/01047 may be a 
particularly rich source of anti-self antibodies. A 
selection procedure of great power, such as that provided 
by phage antibodies, is required to obtain such rare 
anti-self antibodies. : 

The degree of somatic mutation observed in antiself 
antibody fragments isolated by phage technology in this 
application indicates that some have germ line sequences 
and have therefore arisen from virgin B cells. Other 
antibodies isolated by phage antibody technology in thxs 
application show somatic hypermutation indicating that 
the V genes have been stimulated by antigen, either a 
foreign cross reactive antigen or other foreign antigens, 
in both cases the antibody fragments isolated using phage 
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technology will usually be a combination of VH and VL 
domains not originally present in the B lymphocytes and 
the power of phage technology, as described in this 
application enables their isolation. 

According to the present invention there is provided 
a method of obtaining a member of a specific binding pair 
(sbp member), which sbp member has an antigen binding 
site with binding specificity for an antigen which is a 
sWf antigen of a species of mammal, th% method 

comprising: • -j&cr 

(a) providingjlrlibrary of replicSbie genetic L 
display packag^prgdps), each rgdg^isplaying at ^ 
its surface arilibp member, and eaqfcgdp containing. 



:h 



nucleic acid iw& sequence derive<a?frora said specif 



20 



of mammal andj 
a component 
surface of t 
(b) selects 
one or more 
said self an^M? 



iing a polypeptide; chain which is^ 



§Cbf the sbp 
|rgdp; 

my binding with s| 
^members with bindJ 

;0' 




displayed at the/) 

fd self antigen,. t || 
specificity fqr| 



The polypepti^ppnponent part eroded by the 



25 



.as. o 
AC y - 

i n * ; 



30 
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Nucleic acid in eei^rgdp may be a VH -br -VL domain of an ^ 
Antibody, or any par$ of an antibody w||ch, either alone/||^ 
%r in combination wi$h one or more otlwlr component par1» ; ^ c , 
^forms an antibody fragment which is capable of binding. flj£'i£„, 
intigen. Examples |f polypeptide chain> which may be 
used as component parts of an sbp member as described 
above therefore include, in addition to VH and VL 
domains, V L C L , Vrffel, scFv fragments. Fab fragments and 
so on. 

Each said sbp member displayed at the surface of an 
rgdp may be an antibody fragment comprising a V H domain 
and a v L domain. 

Each antibody fragment may be a scFv fragment, a Fab 
fragment, a Fv fragment consisting of the V L and V H 
domain of a single arm of an antibody, a single domain 
binding ligand consisting essentially of or comprising a 
heavy-chain variable domain (Fd)' or any other fragment 
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which has the capability of binding an epitope or 
antigen. 

* The step of providing a library of rgdps may 
comprise 
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combining (i) a first polypeptide chain ^ 
component part'of an sbp member fused to a component ' 
of a rgdp which thereby displays said first ' 
polypeptide chain component part or population 
thereof at thefsurface of rgdps oh|expression In*.^ 
recombinant holt-cell organism, ox|a population of ^ 

_i j ««S.««on-h nart fused - 

such a first: 
■to a said comj 

polypeptide c|||p component part^i 
a population ^|p|uch a second polj 

;o form a librarjs 
surface of ^gdpsj 
-of said f irst ^^^ econd 
component part^Bp°P^ lat::Lons 
led by nucleic ^^^ which is 
packaged using ;l||d component of 



component pi 
displayed 

at leas 
polypeptide 
thereof be 
capable of 
rgdp. 




^peptide chain component part fused^ J 
;ent of a rgdp. wij||(ii) a. second 



Upon sbp member qr| 
iptide chain 
§f sbp members 



The step of gliding a library Wrgdp may 



Icompriser 



expressing in a recombinant |&st organism a 
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first polypep&de chain componen^art of an sbp 

~c k ^iT-st nolvoepti 
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memoe/or'a Population of such a" first polypeptide" ^| . 
chain component part, fused to a component of an ^ 
rgdp which thereby displays said polypeptide chain ^ 
component part at the surface of rgdps; 

combining said first polypeptide chain 
component part or population * with a second 
polypeptide chain component part of an sbp member or 
a population of such a second polypeptide chain 
component part, to form a library of rgdps each 
displaying an sbp member at its surface, at least 
one of said polypeptide chain component parts being 
expressed from nucleic acid which is capable of 
being packaged using said component of an rgdp. 
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Where the sbp member is an Fab fragment: the first 
and second polypeptide chain component part may be a 
polypeptide consisting of a V L and a C L domain, and the 
second polypeptide chain component part a polypeptide 
5 consisting of a V H and a C H 1 domain. nt , 

The combining of first and second polypeptide chain 
component parts or populations thereof may^be at the 
nucleic acid level with?-expression vectors^each having 
introduced therein a sequence encoding a Qgg* component 
partt-and a sequence encoding a sequence c^n&pnent part. 
On fine other hand, the Combining may be -aj^e 
po^eptide level .with^prst component partj|*not being 



expressed from the saaggvectors as secondj^mppnent 
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Indeed, one orMher of the first 




jnent parts m£y 
Els of various; foi 

in WO92/01047 
[The step of proy|| 
combining (; 



provided as a soli 
atzs which may be 
ffcT/GB92/00883. 
a library may 



second 
|library. 
iByed are 

arise: 



Nucleic acid whicS^picodes a 



^first polypeptid^pKain component of^^psbp member 
fused to a cbmponlnt of a rgdp or a population of n c 
such a firsts polypeptide chain component part f used t 



to a component o£S\rgdp, with (ii) i]iucleic acid . v _ f , 




encoding a second§>olypeptide chain component part : 
of an sbp member or a population- thereof , to form, a ; , a? 
library of nucleic*' acid, nucleic acid^of said 
library being capable of being packaged using said 
component of an rgdp; 

expressing in a recombinant host organism said . 
first polypeptide chain component part fused to a 
component of a rgdp or population thereof and said 
second polypeptide chain component part of an sbp 
member or a population thereof, to produce a library 
of rgdps each displaying at its surface an sbp 
member and containing nucleic acid encoding a first 
and a second polypeptide chain component part of the 
sbp member displayed at its surface- 
Readers are urged to consult W092/01047, in 



in r- - ■ • : 



u 



■I A- 
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particular, if further details of any method described 

herein are desired. 

in one embodiment of the present invention both 
first and second polypeptide chain component parts or 
populations thereof are expressed from nucleic acxd 
capable of being packaged using said component of an 
rgdp. This might be when the component parts together 
form a Fab fragment or, more usually, when each said sbp 



Member displayed at the surface of an rgdp is an scFv 



10^ antibody fragment^ 



in one embod^pent, each said secpnd polypeptide 
chain component pift or population t^of may be 
expressed from rnMto acid separate^om nucleic acxd^,^ 
^rom which said -4#£t polypeptide chain component ^Jgfe. 
population thereofes expressed. Th^mcleic acid 



201 



encoding the f 
be on the same 
encoding the seed] 
separate from i 
[^produced. AT 



nponent part ma; 

i . . . i £x? 

nucleic acid 



^polypeptide cha 
fression vector as 

^polypeptide chai^pmponent part; b^ 
tthat, for examp^Fab fragments ar| 
lively, the nucle^|cid encoding the- 

be on a 




25 



.4. 

13 t^- : 
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first polypeptidephain component par| may - ~« - ^ 
different expression vector from themuclexc acxd which^ 
encodes a second Polypeptide chain component part. «her|^ 
a first and second polypeptide chain ^mponent part are^ 
both encoded on the same expression vector then they may- 
be expressed as scFv fragments, wher^a VH domain xs r 
joined toaVL domain by a polypeptide linker, so that ^ 
each scFv is a single polypeptide chain. _ 
Each sbp member displayed at the surface of an rgdp 
is an Fab antibody fragment. 

The nucleic acid may be derived from, e.g. 
rearranged V genes of, an unimmunised mammal,, for example 
a mouse, rat, rabbit, sheep, pig. horse, goat, dog or 
human. Preferably the species of mammal is human, since 
it is most difficult to obtain antibodies which recognise 
(i.e. bind specifically) human self antigens. 

The nucleic aCid may be derived from a library 
prepared by artificial or synthetic recombination of V- 
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5, 



gene segments, which may be germ-line V-gene sequences. 
The library may be totally synthetic. 

Sbp members selected in (b) displayed at the surface 
of rgdps may be selected or screened to provide an ,. 
individual sbp member or a mixed population of said sbp V; 
members associated in their respective rgdps with nucleic 
acid encoding said sbp member or a polypeptide chain • 
thereof. Rgdp phage displaying sbpf members selected in^I r 
(b) may be growth to increase their rmmbers before any ;0 |.- 
subsequent further selection or scrjjejiing. Nucleic ac^ e 
which encodes atselected or screened^ sbp member and wJOch 
is derived f rorf£|fi' rgdp which displays at its surfacej: 
* selected or screened sbp member ma !^p? used to expresj 
sbp member or ^^agment of derivative thereof in a ^ 
recombinant ho^raorganism. 

?i The pres^^^nvention encorapa^^ any method whei 

nucleic acid f* 



library by bi 
to provide 
( according to 
not) to obtain 
population of 
therefor 




[one or more rgdpajfcselected from the 
with a self ant *f en is taken and .us 
igj nucleic acid ~i|||p further method^ 
^embodiment of tl^l^resent inventior| 
^individual sbp raegnfier or a mixed, 



pf members, or encoding nucleic acid D J| 



■; w- 



The expression end product, sheeted sbp member f |S^ 
be modified to produce a derivativp^thereof . 



3d 



35 



The expression end product or~ derivative thereof;joay 
be used to prepare a therapeutic or^ prophylactic t 
medicament or a diagnostic product* 

The present invention also encompasses antibody.^ 
fragments, derivatives thereof, including whole 
antibodies and fusions with enzymes, obtained using any 
method described herein according to the present 
invention. 

According to an aspect of the present invention, 
there is provided use, in any method according to any 
embodiment of the present invention described herein, of 
a kit comprising a library of vectors each comprising 
nucleic acid which is capable of being packaged in rgdps 
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and which encodes a polypeptide chain component part of 
an antibody for display at the surface of rgdps. 

* There is also provided by the present invention use, 
i„ any method according to any embodiment of the present 
invention described herein, of a kit comprising a library 
of rgdps each containing nucleic acid encoding at least • 
one polypeptide chain.component part of an^antibody. 

The present invention provides generally a method 
for producing a repllbable genetic dispia^package 
(fgdps) or population^ such rgdps, whl^^thod 

comprises the steps off ; f^Sfexi-. 

(a) inserting^e|gu^eotide sequence^ 
Ending molecule w^||.is a member of aV 

antibody, within a^ 

virus containing^, 
binding molecule -i 
i^aVt its surface. . 
ilion also provide 
\iic. for a particvi|^self-antigen 



.:\" 



plair and an anti-s<ai 
(b) culturingj 
tequence so that sal 
ilayed by the vi; 
The present 
"JjpSlecting a rgdp 






it.v ■- : 



f method for 



20 3 ^itope which comprl|es producing a p 



tddiMwial step of selt 



ton of such 
if or said 
" iy by 
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j«gdps and the au--. 
"-fending molecule wkM is an anti-self 

contacting the population with said epitope so that 
'Individual rgdps Wiethe desired specif i^ity may bind to 
said epitope. The method may comprise one or more of the 
aoditional steps of#(±) separating any bound rgdps from 
the epitope; (ii) recovering any separated rgdps and 
(iii) using the inserted nucleotide sequences from any 
separated rgdps in a recombinant system to produce the 
binding molecule separate from the virus. The selection 
step may isolate the nucleotide sequence encoding the 
binding molecule of desired specificity, by virtue of 
said binding molecule being expressed in association wxth 
the surface of the virus in which said encoding nuciexc 
acid is contained. 

The present invention also provides a method of 
producing a multimeric member of a specific binding pair 
(sbp) which is an anti-self antibody, which method 
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comprises : 

expressing in a recombinant host organism a first 
polypeptide chain of said sbp member or a genetically 
diverse population of said sbp member fused -to a 
component of a secreted replicable genetic display 
package (rgdp) which thereby displays said polypeptide at 
the surface of the package, and expressing in a 
recombinant host organism; a second polypeptide, chain of 
said multimer and causing! or allowing the polypeptide 
chaii^ come together to^fprm said multiraer^gpart of 
said^rgdp at least one of said polypeptide "drains being 
expressed from nucleic. acid that is capablejj^j being 



packaged using said com 
Lc material of ea 

ri • 

kptide chain. 

3th said chains 
Lsm. 

me first and se 
ssed as separate 
ig their res 
l&t least one of s 





Anient therefor, whe 
said rgdp encodes^ 



be expressed in 

chains of said mu 
r ris from a singly 
!ye nucleic acid, 
polypeptide chai 
it parts) may be> 




rmay be 



polypeptide chain compqr 
a phage vector. 

:^At least one of sai^ polypeptide cha 
expressed from a phagemid vector, the metho^Uncluding 
using" a helper phage, or£a plasmid expressijag^ 
complementing phage genes, to help package: said phagemid 
genome, and said component of the rgdp is a^capsid 
protein therefor. The capsid protein may be absent, 
defective or conditionally defective in the; helper phage. 

The method may comprise introducing a vector capable 
of expressing said first polypeptide chain, into a host 
organism which expresses said second polypeptide chain in 
free form, or introducing a vector capable of expressing 
said second polypeptide in free form into a host organism 
which expresses said first polypeptide chain. 

Each of the polypeptide chain may be expressed from 
nucleic acid which is capable of being packaged as a rgdp 
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using said exponent fusion product, whereby encoding 
nucleic acid for both said polypeptide charns are 
paokaged in respective rgdps. 

L fusion may be expressed in the absence of the 
rgdp display cogent, perhaps capsid. expressed m 

w±ld-"type form. 

^ capsid protein .ay be absent, defective or 

conditionally defective in the helper phage. 

The host cell »ay be a mutator f strain which 



25 



30 



35 



x : 



The no st — - - - . • - „ 

H,-vprsitv into the. sbp member nucleic 
introduces genetic diversity « ^ r 2 ^fe, 



acid. * - : ■' ,3*;- _ . „ 

The rgdp *»'*».• bacteriophage* the host a 

bacterium. and#td component of ^rgdp a capsrd 



protein for th^Sacterophage. The^Me may be a 
filamentous phSS^ The phage may^selected from 
class 1 phages#!*M13. fl. 1«. " «* 

class II Phaglte. m end Pf3. ||§ phage may be ft 
a derivative ojp* The derivatl|||ay be tetra 
resistant. Thf|*d sbp -ember o||lvpeptide chain 
hereof may Impressed as a ^ff^^ ^ 
capsid 

filamentous phage 




id protein* phage fd or its^unterpart in 
lentous phfe> The sbp memberfr polypeptide cha^ 

in the N-1^minal region of ,.**"* 



.x *. 



thereof may beg—— - — - . m , _ 

mature capsid Protein downstream of, a secretory leedet 
peptide. The sequence may be inserted after emxno ac« 
Tor the mature protein. The site for insertion may.be 
flanked by short sequences corresponding to sequences,,, 
which occur at each end of the nucleic acid to be ^ 

inserted. 

The host may be E.coli. 

Nucleic acid encoding an sbp member polypeptide may 
be linlced downstream to a viral capsid protein through a 
suppressive translational stop codon, so that under 
conditions where the stop is supressed fusion P-terns 
Z* produced comprising sbp member polypeptide and viral 
capsid protein/ while under non-supressing conditions 
free form sbp member polypeptides are produced. 

Selection systems and assay formats are discussed 
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elsewhere in this text. In these systems and formats, 
the gene sequence encoding the binding molecule (eg. the 
antibody) of desired specificity is separated from a 
general population of rgdps having a range of ..specifies, 
by the fact of its binding to a specific target (eg the 
antigen or epitope). Thus the rgdps formed by said 
expression may be selected or screened to prqyide an 
individual sbp member or a selected mixed population of 
said sbp members associated in their respect •Jtfjgg^ rgdps 
with jnucleic acid encoding said sbp member g^fU 
polypeptide chain thereof? The rgdps may be^elected by 
affinity with a member coitDlementary to said^bp member. 



J^riy rgdps bound to ^Mld second member nSx^be 
by washing wi trash eluant. The waj|||ng. 
condiiions may be variedjKn order to obtain*|||dps with 
jht binding af finises for said epitopJ^. fer 



itively, to obtainllg high affinity r 
atientary member (eggan epitope) may be^ 
ipulation of rgdps 

member in which^case pAbs with a hii 
epitope will diiraLdce the already; tg> 
Thus the eluanlopiay contain a mol 





the 
cjesented to 
r to a 
. affinity 
id i binding 
fie which 



member 

competes with said rgdp-jfer binding to the lg^plementary 
sbp member. The rgdp may* be applied to sai^g.^. 
complementary sbp member^in the presence o^^polecule 
which" competes with said^package for bindipgVto said 
complementary sbp member I Nucleic acid derived from a 
selected or screened rgdp may be used to express said sbp 
member or a fragment or derivative thereof in a 
recombinant host organism. Nucleic acid ffom one or more 
rgdps may be taken and used to provide encoding nucleic 
acid in a further said method to obtain an individual sbp 
member, or a mixed population of sbp members, or encoding 
nucleic acid therefor. The expression end product may be 
modified to produce a derivative thereof . 

A preferred source for the generation of diverse 
libraries from unimmunised humans is IgM mRNA. It is was 
found in example 43 of WO92/01047 that antibody fragments 
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directed against turkey egg lysozyme and 
2-phenyl-5-oxazolone were much more readily isolated from 
a phage library derived from the IgM mRNA from - 
unionised human donors, than from one prepared from IgG 
mRNA. Furthermore, no 2-phenyl-5-oxazolone bindxng- 
antibody fragments could be isolated from a library of 
2000000 phage antibody clones^prepared from igQmWA of 
unimmunised mice (T.Clackson ?t al, Nature 352 - 
624-628.1^1). Examples 1 tof 3 of this applicatgn show 
isola€bn of antibodies fecific for self antigen 

Although in these samples® J 



from the IgM library. 



antiselfmcificities havel^n selected as s 
PV fracas in a single repJ||on format, antx^' 
specifiers could be selefia as Fab fragmen 
single feon format or J^dual combinator 
replico^rmat (Hoogenboomfggal, 1991 supra) 
instancing recombinatidfj^ the loxP sys 
( PCT/GB9MO0883 ) . 



M chain 




libraries may t>; ^^P ared which ^ 



.es directed agi 
:ace IgM and 




ft self- B lymp] 
igD before st 
e soluble IgM or 




It^ion 



with antigen but express li; 



These unstimulated cells af#»re likely t?,?*^ 
antibody^genes with anti-self specificities: « _ 
contrast? terminally differentiated plasma cell^which 
secrete soluble antibodies express little surface 
i^unogiobulin. The preparation of cDNA for 
library preparation using primers which are specific for 
surface IgM or surface IgD will produce a repertoire of 
antibody genes enriched for the naive, -selected genes 
encoding V domains. In B lymphocytes which have baen 
functionally silenced by exposure to self there are 
greatly reduced levels of surface IgM but unchanged 
levels of surface IgD (C.C.Goodnow et al. supra). Hence, 
a primer specific for surface IgD may be particularly 
suitable for isolation of anti-self antibodies. 

However, as demonstrated in this application, IgM 
^ from unselected peripheral blood lymphocytes is one 
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preferred source of V genes for antiself specificities. 
Other sources of such anti-self antibodies may be fetal 
mRNA or cord blood mRNA (P.M.Lydyard et al Scand J 
Immunol 31 33-43, 1990). - 
There is the potential for making repertoires for 
phage display using the original combination of VH and VL 
domains by the use of PCR and linkage of the genes ^ ; 
encoding them within cells expressing these domains.^. The 
principle of *In cell PCR\ where;' the original VH/VIg 
pairing is maintained, was demonstrated in PCT/GB92^1,483 
and described - in Embleton et al in. Nucleic Acids Res^, , 
20, 3831-3837f; 1992. This may b^j| particularly use o fj|Lp.if 

lymphocytes can be selected at eifbtage before the :3 ^^ n 

. ^ , (!'"■ 

:1c 



In one 
sequences, o: 
recorabinatip: 
act as a ri 
examples 5 tj 
specif iciti 



im'c ^ 



(0AK3) and human thyroglobul in c 
phage antibody library prepared \i 
of V. 



deletion of clones expressing aritpL-self antibodies^ 

liment of this i^fintion, V gene 
feven libraries pregred by the synth^| 
|of V, D and J segments may be used.,^ 
f source of anti-se^S antibodies . In 
\J , we demonstrate^|iat anti-self , 
against TNF, humif^htiy rhesus D antil 

be isolated froj^^ u 
the synthetic j^j^ing 
D and '.fi segments. The usejof germ line V ge^es} f or 
this purposed as shown in examples 5 to 7, should, c bi^ 
valuable for the isolation of anti-self antibodies,,^ v , 
there is some^ evidence that B lymphocytes directed,^, 
against soluble self antigens are functionally silenced 
and those directed -against multivalent membrane bound 
self antigen are eliminated (S.B.Hartley et al suprp; 
D.M.Russell et al, supra). Thus, the use of synthetic 
libraries made by VH, DH, JH or VK,JK or VL r JL 
recombination in vitro or its equivalent may be 
particularly advantageous for isolation of antibodies 
directed against multivalent membrane bound self 
antigens . 

In examples 5 to 7 we have used synthetic VH CDR3 
segments incorporating sequences of random bases at the 
V-d-J joining region and linked them to germ line VH gene 
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.„ v. ..-od such as making 
segments. Other strategies may be «~* ~ _ 

" „ £ ^ cDR loops of random sequence or making xn 
each of the cdk 10 p _ iptures (c . chothia et 

CDR loops of known canonical S *™ C ^** £ random 

P-77-RQ3 1989) and incorporating teu»« 
al. Nature 342 877-893, > of the V and J 

sequence elements. The germ line nature of t* ^ 
stents could be altered by incorporation of specific 
JL. alterations to the sequence or^by using 
somatically mutated V gene regions. * ,at , 

, c r has the advantage that the loop - n 

examples 5 to 7 has me a » a limit ed^ •? 

structures of the V gene segments form only a 

of distinct folds and combinations of folds (C 
number of dxswc 1992) and have 



C^a et e^Hol. Biol. 227 77^17. 1992, ana ^ 
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Chothia er ax - t ™ .=» . a 

distribution 



match the s 
regions and f 
and light 



range of binding^Ltes well suited 
«ire of antigens. |§reover, the frame. 
W two hypervariab^oops of both he* 
of the synthetic^uman antibodies aj 
itical in many dijferent individuals. 



be less 



likely to be 

Such syntheti^uman antibodies 
than entirely^ificial struct . 

A furtherfbut less preferred^lternative *V^* 
abov e^rural4d synthetic phagefisplay libraries ^ 
above natural jnasyn . ^.g^ies displayed^ 

hB to nrepare random mutagenesxs. 

be to prepax f ew S&nan antibody molecules 
phage, .derived- from one or a feW ^° from these - 

and selecting anti-self antigen specificities fro ^ 

CgT.gCTlON * 

Individual rgdps eg pAns pressing the desired^ 
=™cificitv for an antigen, can be isolated fro* » 
SSrTusina the conventional screening techniques (e.g. 

^ in Harlow E. , and Lane. «■»' 
as described in Harlow, a. . „61-68). 

Gherardi, E et al. 1990. J. Immunol. metb.^ PP 

applicants have also devised 
techniques that are practicable because of the unxgue 
^Zes of rgdps. The general outline of see 

procedures is illustrated in figure , using 
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be generated from immunised or other animals; or be 
created in vitro by mutagenising pre-existing phage 
antibodies (using techniques well-known in the art such 
as oligonucleotide directed mutagenesis (Sambrook, et 
5 al., 1989 Molecular Cloning a Laboratory Manual, Cold 
Spring Harbor Laboratory Press) but are 
derived from un immunised Irimans or artificial^ 
recombination of human V Segments, as described 
elsewhere. This population can be screened in one or 
10 more of-the formats described below with reference to 

Figures, to derive thosegndividual pAbs whjg antigen 
bindin|<properties are d^rent from sample^ 

Binding *Elution -jfe- '-Q^fe 

figure 5(i) shows ^gen (ag) bound t||gJolid 
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15 surfacef(s) the solid si 



Ice (s) may be prodded by a 
(beads, magnetic 




Ids and the 
[passed oyer 
Retained 



£ df antisera 
^92/01047)1 
liinder 



|||sh, chromatograo] 

flhe POP^^ 011 / 1 ^^^ of pAbs iS 
Land those indiv«s p that bind a. 

Sfly detected withj 

A detection s^tem based upon antj 

may leased (see, for ijlllnce, Example 4 o| 
If sidles of bound population p are remove^ 
incrlslngly stringent ^ditions, the bind^; affinity 
represented in each sa-^f /-will increase. ; -Conditions of 
increased stringency can*e obtained, : for example, by 
increasing the time of soaking or changing the : pH of the 
soak solution, etc. . =>j 

Competition -n£ 

Referring to figure 5(ii) antigen ag can be bound to 
a solid support s and bound to saturation by the original 
binding molecule c. If a population of mutant pAb (or a 
set of unrelated pAbs) is offered to the complex, only 
those that have higher affinity for antigen ag than c 
will bind, in most examples, only a minority of 
population c will be displaced by individuals from 
population p. If c is a traditional antibody molecule, 
all bound material can be recovered and bound p recovered 
by infecting suitable bacteria and/or by use of standard 
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^ L c the correspond II—. ^ reco^a 
^population p is then related =-=tura^ « the 
receptor bi.ilng site/and or ligand ~ * 
specificity is known to be very useful m the 

appii^on is where ag^an 

in researoh an, & diagnostic and ^ 

pharmaceutleai industries. flg; '^Bfe. 

At prefeht it is dif f iculj&o select *i^|fe 
enti-^iotif entibodies. P^uld ~ 
do this d^ly by binding pJbbraries 

library, A** ^ ' m Wt -"^.SW 
surface, Misdating those |||e that bound we 



SOB* ■—;-.» advantageous «$§.< pre- 

in sqm|£lnstances xt ma S'i^ ve aQV u . oj^^o 
^Hfe--™, r> For exaflSe; in the anri-£d||tvpe 
select poniia-tiori P- For exa ^§d£' r 

n JStJ o can be absorbpUgainst a relatea|»- 
example above, p can db o« ..zidBSi.- 

«*~* §* r c r a b p: tr or .■ 

However, if c is a pad, r w«« «.»rSfflfe~' 
advenl^eously be ~ t "£^jj&. 
disti^guisn and select for bojSd P over bound 
^arkiaHaf be physicel. for dkample. by ^«^» * 
Kith biotin; or more advantageously, genetxc For. 
e^ple. = can be .arked with en KcoB ™>*^J?*' 
whilst p can be marked with a» EcoK 

carter P- et al., 1985. Nucl. Acids Bes. 13 , 4431 ««) 
^Hound p-c are elated fro* the antigen and used « 

suitable bacteria, there is restriction (end thus 
no growth, of population c <i.e. KcoB be 
k ,_. rt , jj, this esample). Any phage that grew, wou 
^ enriched for those individuals from P with higher 
TZll affinities. Alternatively, the genetic markxng 
caTte achieved by marking p with new sequences, which 
Z Z used to specifically amplify P *» the mixture 
using PCR. 
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Since the bound pAbs can be amplified using for 
example PCR or bacterial infection, it is also possible 
to rescue the desired specificity even when insufficient , 
individuals are bound to allow detection via conventional 

techniques. / 

The preferred method for selection of a phage 
displaying a protein molecule with a desired specificity, 
or affinity will often be elution from an affinity matrix 
with a ligand. Thus, self antigen or fragments thereof^., 
may be used to elute specific phagejantibodies from self, 
antigen bound t| a matrix. Alternately, the homology 
antigen from a different species m^vbe bound to a a 



m 



Is? 



25 



30 



35 



•hat 



matrix, a phagefetibody library bOAmd, and phage 

r-j^i -^SR^i. _ _ Iff* »• . 



antibodies specff|c for the self aS&en may be eluted] 



For instance^^bovine antigen ^ 
featrix, a human phage; antibody libra^ 



re- 
using self ^^^pP* 

be bound to 

bound and hum^^tigen used for : Jjj 
antibodies thi^^olated will be 
shared betweei^pie bovine and h 
but less preferred alternative 



Antiself 



ma\ 




rtion. 

^cific for epitpj 
^antigens. A fux^ 

. S to bind the *$m* 

non-specifical!Fto a column and At* with self ant^jen. 
For instance, Jf % Fab phage libr®' is bound to an^ajj^- 
Fab affinity cSumn, it may be waiffed at a pH which^^pe^. 
not elute non-specific phage and tgen washed with 
solution which is the same except €t. contains self ^f - \ r 
antigen, eluting by virtue of the jiigher affinity fof^the 
mobile phase of phage expressing antibodies against the 
self antigen- 

For each of these formats elution with increasing . 
concentrations of ligand should elute phage displaying 
binding molecules of increasing affinity. However, when 
eg a pAb binds to its antigen with high affinity or 
avidity (or another protein to its binding partner) it 
may not be possible to elute the pAb from an affinity 
matrix with molecule related to the antigen. 
Alternatively, there may be no suitable specific eluting 
molecule that can be prepared in sufficiently high 
concentration. In these cases it is necessary to use an 
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elation method "hich is not specific to eg the antigen- 
a^y -spies. Some of the --^i=^t,on 
tot hods generally used reduce phage p „ 12 

, .iiii-, i S reduced wxth rime ax 
""-rfr S fader N.D. «ol.Biol. 36 387-399 
ET-^. i ^interactions between antihodiee 
^ if fX matrioealwhioh cannot be disrated without 
!lletely removing pSge infective. ijtoese cases a 
St'reguired »!*lute phage which » 
of „ thef^Stibody - antigen interaction. A 

!! "LoS^vised which allowaiiution of 
method was therefore jjey«« ,«S*** - 

lia p*,s under mllC^"*- '"^Sl ptagT 
ditbiothr^ii) which do not dgruPt phage 



Srdup with v c 

•^■cture (EKampl^^f W092/01047) 




14/ 



The method o* "|||^elution uses bit ^ 
^body pooula1:ioi«biotinylated ant^g 
^treptavidin maS^c beads. Followi 



'non-binding;^^ tne phage ant 



used to lnfeclgffi|B> give a sel« 



Jribody population^disulphlde bond 
&5tl> and the ant||f molecule allows » 



-5 




Ig^of the phage 
vand binding 
Shing to 
*ls eluted 
| phage 
^reeh the 



St 



elution with 



^libtin and the antig^moiecuxt* ^ IMi^. ± - * 

fW^eitol. AtMticularly advantag^ way of Jfe 
^ selection is to use blotfylsted antigen J| 
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^cTnT^s selefion is to use bloated »tigen ^ 
CLcess but at or ^low a concentrating^ « . 
••W desired dissociation constant for ^antigen 
Hiicdy binding. Tnis method is advantageous for the 

of Z affinity antibodies <^~£ ^ 
^1 and 6. Winter J.Mol.Biol. 226 889-896, 
T^Ls may also be selected for slcer off rates for 
^Tselecxion as described in (R.E. HawKins et al, 
"S^upra,. The concentration of biotinylated antigen 
.Z^llv be reduced to select higher affinity phage 
^ alternative, the phage antibody say be 
" e^ss over hiotinylated antigen in order that phage 
Z^ZZs compete for binding, in an analagdus way to 

peptide phage to hXotlnylated antibody 
iesoribed by J.K. Scott s G.P. Smitn (Scrence 249 386 
390 , 1990). 
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This elution procedure is just one example of an 
elution procedure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 
sequence encoding amino acids constituting a recognition 
5 site for cleavage by a highly specific protease between 
the foreign gene inserted, in this instance a gene for an 
antibody c ,fragment, and the sequence of the remainder of 
gene III! Examples of such 'highly specific proteases are 
Factor xfand thrombin. AfteV binding of the pha.ge to an 
10 affinity^matrix and elution^fcd remove n° n " s P e ?||r C r 

binding : |hage and weak bindSg phage, the strongly bound 
phage wojild be removed by washing the column wiih^ 
proteasfeinder conditions ^table for digestioj^t the 
cleavagefsite. This would J|eave the antibod^gragment 
from th^phage particle elJjjBiig the phage. ..Th^ phage 
would Menpected to be inlptive, since t^gjp^.. . 
proteaaSsite should be th^rie specif ically .^^roduced. 
StrongMoinding phage coijM^hen be recovered^ - ; 

infect|S eg. E.coli TGI ..zi&Smp 

20 A^iternative proced^- to the above is «>take the 

affini^.matrix which has ||tained the strp?ig|pbound pAb 
and ex#act the DNA, for eifnple by boiling ; iJi^DS 
solutioE Extracted DNA caf then be used to ^ectly 
transform E.coli host cellsfor alternatively, ^ antibody 

25 encoding sequences can be amplified, for example using 

PCR witli suitable primers such as those disclosed herein, 
and then inserted into a vector for expression ;as a 
soluble antibody for further study or a pAb fp_r further 
rounds of selection. -; 5 

30 Another preferred method for selection according to 

affinity would be by binding to an affinity matrix 
containing low amounts of ligand. 

If one wishes to select from a population of phages 
displaying a protein molecule with a high affinity for 

35 its ligand, a preferred strategy is to bind a population 
of phage to an affinity matrix which contains a low 
amount of ligand. There is competition between phage, 
displaying high affinity and low affinity proteins, for 
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binding to the ligand on the matrix. Phage displaying 
high affinity protein is preferentially bound and low 
affinity protein is washed away. The high affinity 
protein is then recovered by elution with the ligand or 
by other procedures which elute the phage from the _ 
affinity matrix (Example 35 of W092/01047 demonstrates 

' ' f 

-this procedure). •> hfe 

in summary then, for recovery of the packaged DNA 
from the affinity step, the package can be simply eluted, 
it: can be elufed in the presence^ a homologous sbpj^ 
m ember which Jpmpetes with said package for binding, tp^a 
complementer!^ member; it couM^- removed by boi|lng, 



"cleavage of the 
"apparent to thosef|£ 
link between Mie" 



it coxad be ^noved by proteoly| 




-to release 

rate, the obj< 

- .a • • 

.ge so that it 
»ress the sbp 



protein; andjolphef methods will 
skilled in ^^a 1 ^ e 9- destroy 
substrate a^^jmplementary sbp 
packaged DNK|||i d sbp member, 
is to obtei njlfh e DNA from the 
used direct^^r indirectly, to* 

encoded _ ™, , .. ..... 

The efficiency of this sellfeon procedure for^ 
and the abdfy to create very;f^e libraries meangthe 
the immunisation techniques developed to increase the^ 
proportion of screened cells pro|ucing antibodies gfc ; 
interest wilC not be an absolu1»;requirement. 
technique allows the rapid isolation of binding ^. 
specificities eg antigen-binding specificities, including 
those that would be difficult or even unobtainable by 
conventional techniques, for example, catalytic or antx- 
idiotypic antibodies. Removal of the animal altogether 
is now possible, once a complete library of the immune 
repertoire has been constructed. 

Ap plications of antibodies to se lf antigens 

Human antibodies to cell surface components The 
isolation of such antibody specificities would be 
particularly useful for preparing agents which mediate 
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cell killing for instance of cancer cells, for example 
using the natural effector function of antibodies. 
Anti-self antibodies may also be valuable in the 
preparation of diagnostic in vivo imaging reagents, for 
5 instance using radioisotopes. 

Antibodies directed against cell surface components 
of specific T-cell, subsets could be used therapeutically i: 
J.(D. Wraith et al Cell 57 709-715,1989; L.Steinman and 
^R.Mantegazza FASEBfj. 4 2726-2731, 1990)-, for instance to ^ 
10 ^prevent T cell action causing rheumatoid- arthritis. .wjjgit 



■;e '. 
1 



Human antibodies n^ifyinq the functidH of self moleculeg^ 



Antibodies 
|of self molecules 
hreceptors through 

{the molecule. Mul 

I'''' ' 

Idesirable and und 
£f they are used 
flymphokine TNF ( 




jiodify the action, 
iwth factors and 



20 



25^ 



30 



be isolated which, 

tch as hormones, growi« iaiitui.o , e ^ 
r binding to ajrSpecific epitope oi^ 
functional protein^may have both 
liable characterises, particulai 
erapeutically. ForKgristance, the 
lour necrosis f acto^^binds to, at , ? . ; . J 
least two differe35pclasses of cell receptors- one 
commonly found onjfascular endotheliaMcells, the other J 
commonly found ori^iunour cells. A moii^ -antibody to T^F-^ ? , 
has been made whicji prevents TNF f rom^inding to ,,h^h 
endothelial cell rfeceptors while stillj allowing it to 
bind to tumour cells thus allowing attack on the tumours-- , 
without toxic sidet effects mediated through endothelial. i( £ 
cells (Patent application PCT/AU90/00337) . For _ 
therapeutic use of antibody modifiers of hormone or . ^ 
growth factor molecules, it would be preferable to have, a^ 
human antibody specificity isolated directly through 

selection from a phage library. 




Human anti-idiotypes . 
Anti-idiotype antibodies (antibodies directed 
35 against the antigen combining sites formed by the 

variable domains of human antibodies) are conventionally 
made by isolating an antibody against an antigen and then 
using this isolated antibody as an immunogen to raise 
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antibodies directed against it. If the original antibody 
is directed against a hormone or growth factor the^ 
relationship between antigen and antibody combining sxtes 
means that the anti-idiotype may mimic in some aspects 
the hormone or growth factor and bind to the receptor 
for these molecules. However, the fraction of 



antiidiotype antibodiesfpble to mimic the bisggg of the 
hornibn e to the receptor .^uld be expected ^^all. 

>re, the deletiJ of antiself M*!^ would 



^ing'the con^Uonal route to ar^^ypes 
W ouM,be difficult ^isolation of hum^ 



anMdiotype antibodi^iaicking ^lecule^^g^ ; 

* pplication we sil ^^^^^^ - : 
the antigen oo^^^^l? 1 ?® 3 
Pains of human anti^^s^may be 




receptors « 



es directed age 
by the variable^ 
.y isolated' fronQ 
in examples 
to identify 
lakng the binding: 



s 




gje antibody displ 
i'.4, and it should) 
paiti-idiotypic an: 
|||ie hormone direct|! 
„ for binding ^gpiie receptor. 
Anti-idiotypes ma^pso be useful for 
of^utoimmune disease.|lhey could be used 
ciSljiatlng autoantibodies. However, it mayS ^ 
preferable to attack di#ctly antibody Prodi^^cells* 
foginstance using a b£|pecific antibody dirked against 
a cell surface marker af well as an anti-idiotype 
specificity. Alternatively, plasmapheresis «>uld be used 
to remove circulating antibody and the cells -treated 
directly. . *i*£rJ 

F ,.„=,» ^iHhodies against receptors 

Human antibodies that bind to receptors, blocking or 
antagonising ligand function could be selected directly 
fron a phage library displaying antibodies derived from 
an unimmunised donor. 

u„ ma n »ni:lbod<~ to prevent transplant rejection 
Antibodies directed against the major 
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30 



histocompatibility complex proteins could be used to 
treat patients following transplants, or organs prior to 
transplantation, in order to prevent rejection. 
Antibodies directed against several lymphocyte cell 
surface markers have been used for the prevention of :s 
rejection in transplants e.g. CD45, CD3, CD4, CD8 and r 
interleukin-2 receptor. Example 3 shows that human ■ >#;V : 
antibodies against CD4 can be directly isolated from a i r : 
phage display libraries. ; ^ -'/-S^ 



Human antibodiesjlkgainst cytokines : 

Human anti^diTeis against cytojulies would be valu^fe^ 



for treatment ojlfiuman disease, fqrafexample of septic^ 



shock with antigrNF and ant i- inter leukin 1 antibodiesj 

feibodies against 1$ 
j^tibody librarie^j 
f& synthetic - ^* 
in many cases^ 
^ conserved betwe| 



Examples 1 andl 
can be isolate 
derived from 
recombination a 
these cytokinej 
species, for 



[show that human 
iirectly from phage 
riunised humans o| 
W'r D and J fragment 
ii'ecules are stronc 



lance trans f ormingfgxowth factor-p 



<TGF-p ), and it^afs proved difficii^ to isolate 
antibodies directed against the human molecule even ijj^eyr- 
mice. The isolation of human anti^elf antibodies as^ 
described in this "invention provides a method of 
obtaining human antibodies with such a specificity. 

















. . , i '» a 








1°' 












pi to 




1 \ffi 



-this 



Human antibodies for diagnosis and treatment of cardiac 
disorders 

Human antibodies against clot components e.g. 
f ibrin, would be useful for imaging clots when labelled 
with radioactivity or for dissolving clots, if for 
example linked to a clot dissolving enzyme such as 
urokinase. 



35 Antibodies triggering receptor function 

Antibodies may be selected that bind to a cell 
receptor and trigger a biological response in the cell . 
This is described in more detail below and in Example 8 
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describes the isolation of such antibodies. 

By cycles of growth and selection, 
binding to the cell receptors are isolated So.e of 
these rgdps encode binding specificities with the 
Potential (alone or in combination with other binding 
porencicu- v ronontnrs These binding 

specificities) to trigger the receptors. Tne 
*4 4 or in combination, for 

specificities are tested alone, or in w ^ . 

triggering the cell receptors. 

i There are a vari^ of cell receptors^n which the 
:f:,__ , 1<na nd. fof example hormone, -growth factor. 



^ekample the 
opening of 
*for binding 



35 



billing of a ligand, f|| example hormone, , 
fpeptide triggers ^^ lo ^ ical even *' 
ivation of tyrosin^nase activity, a- 
^pbn channel. The«s could be sel 
fKell receptor (p^^lated receptor^ 
Jafeions of surface^ 
^^ple by using ceg 
| g soluble receptg 
domains or Pp9M 
Lly the recepto^ 
( as required f 6 
Triggering of 



£as from another ,sj 
.splaying the cel| 
>bilised on sol| 
^epitopes of the 
d be provided in 




triggering) 
Jtors at the cell P ace often 
1. to involve the|tlative move«nt 4^ « 
/ts. 



suou™.~>. For example* in neurotran^tW-gated 
receptors, the five sSbunits that ate arr^ged 
SZtrically in the- membrane place. 

d<»n the oentre. Binding of the neutotranse^ter 

L thought to alter the size of the central 
„ causing small rearrangements between the 
^ allosterlc transition. For tyrosine Kinase receptors, 
the ligand appears to drive receptor oligomer ,sat, on. 
Thus antibodies with binding specificities directed 
agai ust a receptor may have the potential to P"""- 
allosterlc change or to promote oligomerisation. The 
o^omerisation of the receptors .ay also he prated by 
using bivalent or bispecific antibodies. _ 

The soluble antibodies or antibody fragments say be 
„o„ovalent fragments, for example, single chain Fv 
fragments or Fab fragments,, or bivalent fragments, for 
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example, Fab 2 or complete antibody fragments. The 
bivalency could also be promoted in other ways, for 
example (1) by encoding a tag, such as a peptide or 
protein (for example, the subunit of a dimeric protein) 
5 that self associates, at the N or C- terminus of the 

monomeric fragment, (2) using a bivalent antibody that 
binds to; the monovalent fragment, for example, £,0 a 
common C-terminal tag, or to an antibody constant domain 
(3) chemical cross-linking. 
10 Bilpecific antibody or|bispecific fragments -pould 

also beSmade as for the bivalent fragments. , ( Jor 



30 



35 




need t|fbe introduced tog^r). The dif f ere^antibody 
15 "arms"j||uld be directed |^ist the same rejg g g o r, for 
examp^p different epilog; or to two dff f||ent 
recep"^^^(to trigger hybr^dwreceptors ) . 

Tj^pLirect isolation^^'anti-self antibc 
phage ||8|:aries as descri^d^in this invent ic| 
20 important to allow a larg^Kumber of antibodij 
surveyff for these trigge^g receptors. r .. _ t ;| 

iSis appropriate to|l|stinguish the makjpj of 
ahtibcjies to trigger recdgtors as is describ^. ,here and 
provide^ as an aspect of the present inventipigfrom the 
25 "anti-idiotypic route" in *hich specific antibjjdies 

raised in an animal, including man, by vaccinating the 
said animal with a specific antigen are themselves used 
-to vaccinate another animal, new antibodies termed anti- 
idiotype antibodies (Anti-Ids) being produce^ able to 
recognise and bind to the first set of antibodies. Some 
species of these Anti-Ids are able to mimic the specific 
biological properties of the original antigen. If for 
example, the antigen were a peptide hormone or a cell 
receptor, the Anti-Id to the hormone or cell receptor 
antigen is able to elicit a response of the cell (See 
Gaulton, G.N. and Greane, M.I., 1986. Idiotypic mimicry 
of biological receptors. Ann. Rev. Immunol. 4,253-280; 
Sege, K. and Peterson, P. A., 1978. Use of anti- 
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idiotypic antibodies as cell surface receptor probes. 
Proc. Natl. Acad. Sci. Usa. 75, 2443-2447 for examples). 

The essence of current teaching of Anti-Ids as - 
mimics of antigens is that they are produced as a result 
of constructing antibodies to antibodies of the original 
antigen. There is however, some controversy over whether 
such anti-idiotypes accurately mimic the original antigen 
(S.J. Davis et al Nature 358 76-79, 1992). _ 
There is therefore a clear distinction between ^ 
antibodies prepared by an anti-idiotypic route ^at jOmic 
antigens such. as growth factors or hormones, and ^ 
m. antibodies that are made directl£.to the receptors to- 
trigger the receptors. The antibodies derived ^J^, 
anti-idiotypib route require the^fntigen (hormone, growth 
15 factor) and #11 bind to the sa^epitope on the *g|g*** 
as the hormo#, while the antibodies derived by bi| — 
to the recep§rs need not bind ^ the same epitope. 



la. 



V 



r. 



trigger the peptor. Indeed ^antibodies need, 
mimic a knowihormpne or growth||actor, as their , 



mimic a known* hormone or s* u "^>!|r ' — :d 

^20 specificity;#r binding to receptor (characterised 
• epitope, on-fkte or off-rate) o|blood clearance i 



likely to differ. The process fpr making the antibodies 
is also quite different. Anti-idiotypic antibodiesgare 
made classically by immunisatio^bf animals, although 
25 they can be isolated directly from phage display 

libraries as described above. Antibodies directed £ _ 
against self receptors are made by selection from Vj-gene 
libraries (as described above). . r. 

As well as the advantages over the anti-idiotypic 
30 route, the antibodies derived directly by receptor 

binding may even have advantages over the natural hormone 
or growth factor. Thus receptors that are defective for 
binding of the natural hormone or growth factor (for 
example in a genetic disease), may be triggered by an 
35 antibody binding at a different epitope. 

As therapeutic agents the various isotypes of 
antibodies or fragments of antibodies carrying the 
variable regions responsible for the specificity of the 
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molecule have a number of properties having advantages 
over the bioactive moiety they mimic. For example, 
unlike the naturar hormones their half-life in 
circulation can be modified readily. Depending on the :1 
antibody isotype or fragment chosen^ they have half -lives 
in circulation in a patient ranging* from minutes to 
several weeks. If long term usage or short term 
clearance is required this can easily be accommodated by ;T 
choosing the appropriate antibody isotype without need^tp 
use slow release? devices as implants^ or continuous .3aSa 



intravenous infusion, etc. 5?.= . xniiif 

Furthermor^pmany hormones or^fissue growth factogs^ 
or antigens in ^general are functionally complex with & 



different epitO£>e| 5 of each of the molecules having 
various specif j^pfunctions. CloneMjo^f antibody mimic 
are monof uncti^^fet in this respec-^^^'could be used, : 
produce one spSo«ic biological effe ct of a hormone, 
without a secoi^^ef feet which lattlpfef feet may be ti 
disadvantageou^^p the patient. the lymphokine^ 

(tumour necros^pactor) binds to different classj 

iscular endothelial 



of cell receptors^- one common on 



If the TNF^gff 



cells, the otheri common on tumour; -cells, 
modified so that: it cannot bind tor^the endothelial cel^ 
receptors but caua still bind to tumbur cell receptors^ y 
the tumours are attacked without at-*the same time 
inducing the very toxic side effects mediated through -£he 
vascular receptors. (This is described in Australians- 
Patent Application PCT/AU90/00337 ) . An antibody mimiCi 
able to recognise the tumour cell receptor would be . 
expected to be very specific and kill tumour cells 
without inducing toxic side effects mediated through the 
vascular endothelium since it would have no resemblance 
to the TNF epitope which binds to receptors on the 
latter. 
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TERMINOLOGY 



Much of the terminology discussed in this section 
has been mentioned in the text where appropriate. 



Self 



10 



15 



20 



25 
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35 



A self antigen is an antigen or epitope which is 

V _ . 'a*. r- -3- V 



capable of binding to/ah antigen binding si$e formed by 
antibody variable domain(s) and which is conserved 
bitween members of apples of animal andjpative to the 

body. ^B£r» +mk% 

" |tries to avoid ""ak&HJ antibodies 



*y The immune sysl 
to&Wlf antigens. 



it (i) 



sequences of germ ll|*f 
.^finder pressure "to 
rthogen, antigens 
fprovide antibodi 
1?) that, in addi 
Sse combinations 
Itibody which do 
i (Spxisequently , there 
i^-ibodies against ; t 



been suggested 
gene segments hav|||een evolved 



red towards f o 
p|itopes, and awa|j 
iSch will bind se| 
this, immune to 
segments enco 
to be deleted p2 
Fhot normally cirbj 
«f antigens except 



Dm being able 

[antigens, and 

*^pf. " 




ites, eg autoiramur^iseases . A self an|igen may be 



a£»~w~, — s --. ^gfe .Stc 

dhe which does not .v^ between mdividuaj^of a species 
Aiself antigen may b^me for which there^s : normal 



Allelic variation throughout a population^ Immunisation 
of one individual in f species with a self^antigen would 
not normally be expected to result in generation, or 
detection, of antibodies to the antigen, ^xcept perhaps 
when tolerance is deliberately broken. Antibodies to a 
self-antigen may only be present in an individual who is 
suffering from autoimmune disease. On the other hand, 
there are some self antigens to which circulating 
antibodies can be found in a sub-population of normal 
individuals of a species. 

A self antigen may be an antigen recognised by B- 
cell surface antibodies but not by antibodies which can 
be found circulating. It might not be possible to detect 



a. 
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or obtain circulating antibodies to a self antigen except 
perhaps when the individual is suffering from an 
autoimmune disease or syndrome. 

An anti-self antibody or antibody fragment is an 
antibody or fragment thereof, which has binding 
specificity for a self antigen. It may recognise an 
epitope -which is found only^on a self antigen, ? -pr it may 
be cross-reactive with an aiitigen which individuals of 



The present 



the species will recognise as foreign - 

inventi^i is particularly Well suited to the p^)duction 
and isolation of antibody fragments which bini^only a 
self antigen. 



Specifier Binding Pair 

T^^ldescribes a palll 



5f } molecules (each^ging a 



member^^^a specific bind|ngfpair ) which are 
derivedlor synthetically p 
molecules; has an area on 
specif Scaily binds to, an<| 
complementary with a parti 



iuced. One of. 
;s v surface, . or^a 
^therefore def i 
ar spatial and 




Jlecule, so that, tji^pair have 

^ier. 



organisation of the other 

the property of binding specifically to each 
Examplejt of types of specific binding pairs j^^j antigen r; : 
antibody/ biotin-avidin, hormone-hormone receptor, 
receptor-ligand , enzyme-substrate, IgG-proteirvf^A. 

Multimeric Member ' 

This describes a first polypeptide which will 
associate with at least a second polypeptide, when the 
polypeptides are expressed in free form and/or expressed 
on the surface of a substrate. The substrate may be 
provided by a bacteriophage. Where there are two 
associated polypeptides, the associated polypeptide 
complex is a dimer, where there are three, a t rimer etc. 
The dimer, trimer f multimer etc or the multimeric member, 
may comprise a member of a specific binding pair. 

Example multimeric members are heavy domains based 
on an immunoglobulin molecule, light domains based on an 
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i.unoglobulin molecule. T-=ell receptor subunits. 

ability to repxxcai-e The~Dolypeptide 
surfSce at least part ofta polypeptrae. Th|po ypep 

enccaea by genetig information or 
5 »^-ificiailY placed into the particle ui. 

ana/or artxfic^ P ^ Vmy te any 

ZBZZZ^. on^i-uno,^ mfgfule. an 



a baclll|ophage such 
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enjfe or a receptor e*g|g 



trhe particle may^a virus eg. 
fttbr M13- 




Slay package 



JfL. oascribas 'a^ioanl* genetic f|_ 
!&. the P article«oisplaying a „ ay be - 

Ac «— » ^« l r ^^igan^ng aolin ' * 
„„ hM e which /displays an antigen^w*^ a 

-is^a <* package -^-caXied a- <; 
phafe antibody (pAb).« * 



aescribes iS— " 
wholly synthetically proaucea The tern also 
^ .ny protein having a binning domain- which is. or 
^Homologous to. an immunoglobulin binding aomarn. 
^proline can be aerivea fro. natural sources, or 

„ w „- wholly synthetically produced. 
^ Uple antibodies are the Immunoglobulin isotypes 
^ the Fab, F(abl> 2 , scFv , Fv, dAb, Fd fragments. 

Imjmonog^bu^^ _ the members 

^Tdescribes a family of polypeptides, the m 

* K-^h have at least one domain with a structure 
1^"-: of the variable or constant domain of 



an 
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immunoglobulin molecules. The domain contains two p- 
sheets and usually a conserved disulphide bond (see A.F. 
Williams and A.N. Barclay 1988 Ann. Rev Immunol- 6, 381- 
405). 

Example members of an immunoglobulin superfamily are 
CD4, platelet derived growth factor receptor ( PDGFR ) , 
intercellular adhesion molecule. (ICAM). Except where 
the context otherwise dictates, reference to" 
immunoglobulins and immunoglobulin homolog^jin this 
appr||ation includes men^rs of the immunog^bulin 
—^«^f amily and homologs^thereof . ..^Us*^= 





CThis term indicates 



polypeptides having&the same or 
conserved residues at afeorcesponding post 



primly , secondary or *§£|£ ar Y structure -p 
extents to two or more|1^bleotide sequence 
honlfragous polypeptide! 

rckample homologou gggf^ tides are the 
isolvies and the TIM barrel enzymes. 




g£V~i n their 
.term also 
[coding the 





noglobulin 




Functional 

||ln relation to a sl|? member displayed^ the surface 
of afrgdp, means that t||i sbp member is presented in a 
folded form in which it*£ specific binding f toiain for its. , 
complementary sbp member* is the same or closely analogous 
to its native configuration, whereby it exhibits similar 
specificity with respect to the complementary sbp member. 



30 



35 



Genetically diverse population 

In connection with sbp members or polypeptide 
components thereof, this is referring not only to 
diversity, that can exist in the natural population of 
cells or organisms, but also diversity that can be 
created by artificial mutation in vitro or in vivo- 

Mutation in vitro may for example, involve random 
mutagenesis using oligonucleotides having random 
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stations of the seguence desired to be varied. IS ^ 
^agenesis may for example, use mutator strains of host 
n icroorganisms to harbour the DNA (see Esample 38. of WO 
92/01047). The words "unique population" may be used to 
Zte a plurality of eg polypeptide ohains which are not 
genetically diverse, ie they are all the same.* 
Ltricted population is one which is diverse but less so 
thatn the full repertoire of an animal or a Irbrary, 
synthetic or otherwise. Th| diversity may havevbeen 
reduced^, prior selection^ using antigen b|p*lin3 
specif ibity. 




pmain is a part 
|teelf and inde 
and inde 
A folded unit 
[/or p- sheet stnii 
Structures that 
^adjacent in the 




|tpratein that is^^ded 

of other part^f . the 
lY of a coraplem^Wy^binding 

n^of a a- 



Isoecific combina' 
Domains and 



ided units 

[g together em ^ ci ^^^ tha:t 
structure - 



Free Form 



Form '* ~** js§y -> "< ** ^. m) ^ • 

^ describes the s^te of a polypeptid^bich xs 

^ diiiayed by a replicflfe genetic displayJfecRage. 

' •.•.'It* * 



25 r^ndit&naliy Defective r-.. Hve 
^ describes a gene/which expresses a T defectxve 

polypeptide under one set of conditions, but ejP™ a 
different but related noneffective polypeptide under 
another set of conditions. An example, is a gene 
30 Staining an amber mutation expressed in non-suppressing 
or suppressing hosts respectively. 

Alternatively, a gene may express a protein whxch is 
defective under one set of conditions, but not under 
another set. An example is a gene with a temperature 

35 sensitive mutation. 

c . Tr r^ s ible — ° s * op S2dgn 

-^^s^scribes a codon which allows the translatxon 
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of nucleotide sequences downstream of the codon under one 
set of conditions, but under another set of conditions 
translation ends at the codon. Example of suppressible 
translational stop codons are the amber, ochre and opal 
codons . 



Mutator Strain y .32^. 

This is a host cell which has a genetic defect s which 
causes DNA replicated within it to be mutated with 
4 10 respect to its parent DNA. Example mutator strains^re 



I, 



ri5 



20 



*- - ~w — 

NR9046mutD5 and NR9046 mut Tl (see Example 38 of 
W092/01047 ) . f 



— ^. • -. • ^eai 

This isJgi phage which is used to infect cells a 



Helper Phage ^ 



containing a||efective phage geJjSjne and which f unions 
to complemeiimthe defect. The.:|Bfective phage gegoj 
be a phagemi 
sequences 

M13K07 genJjl.II no. 3; and phajp^isplaying or eliding 



[or a phage with function encod^^gene 

ed . Examples of||elper phages a^re^ ^|p7 , 
I no. 3; and pha^ displaying c~ — 
a binding moSpule fused to a e^sid protein. 




Vector 

This is;ta DNA molecule, capable of replicatipr^in a 
host, organist, into which a genesis inserted to cq^truct 



25 a recombinant: DNA molecule. 



Lnar. * 
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Phage Vector 

This is a vector derived by modification of a phage 
genome, containing an origin of replication for a 
bacteriophage, but not one for a plasmid. 



35 



Phaqemid Vector 

This is a vector derived by modification of a 
plasmid genome, containing an origin of replication for a 
bacteriophage as well as the plasmid origin of 
replication . 



Secreted 
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This describes a rgdp or molecule that: associates 
wi th the member of a sbp displayed on the rgdp in whxch 
the sbp member and/or the molecule, have beea folded and- 
the package assembled externally to the cellular cytosol. 



•To, 



A collection of naruraxxy 

dna sequences which encoded expressed immunoglobulin _ 
genes in an animal. The sequences^ generated by the. 
in vivo rearrangement of eg V, D atfi ; J segments for 
chains and eg the V and J segments|for L chains. ^ ~ 
Alternatively fe sequences may be|generated from a «U ■ 
Xine immunisedgh vitro and in wh0 the rearrangement^ 
response to imJSnisation occurs i||racellularly. 
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Library 

A collec^p of nucleotides,' 



'DNA sequences w£jL 
air members, or 



clones; or a Jgptf 0 * 11 * Averse | 
polypeptides,^Especific binding 
polypeptides Xsbp members which^pe displayed » 
capable of bei|g selected or screened to provide an 
individual polypeptide or sbp member or a mixed . m 
population ofjolypeptides or sbp|members. ^ 

^ire of Rearranged Immunoglobulin^ 

Genes , . 

~~ A collection of nucleotides eg DNA sequences der^ed 

wholly or partly from a source other than the rearranged 
in^unoglobulin sequences from an animal. This may 
include for example, DNA sequences encoding VH domaxns by 
combining unrearranged V segments with D and J segments 
and DNA sequences encoding VL domains by combining V and 



Part or all of the DNA sequences may be derived by 
oligonucleotide synthesis. 

secretory T.«*ader Peptide 

This is a sequence of amino acids joined to the N- 
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terminal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 



10 



15 



20 



25 



30 



35 



Eluant 

This is a solution used to breakdown the linkage 
between two molecules. The linkage can be,. a non- 
covaient or covalent bond(s). The two molecules can be 
members of a sbp. 



Derivative 

S This is a polypeptide which derived from another 
polypeptide which is endpded by the DNA wijg^n a 
selected rdgp. The derl|/ative polypeptid^^y differ 
frpp the encoded polypepide by the addition;- deletion, 

iL^K* Jj -l-j -i >am<i nn an^Hc ^rtri'^y the 



sub||itution or ihsert^^ of amino acids 
age of other roolec^p^ to the encod 

3e\at the nucleoti 



I ^changes may be 
level: For example 
fragment which is theri* 
sourfae- Alternatively^ 
fluoresceins etc may 



tencoded polypeptii 
Ijihked to an Fc t 
Barkers such as en 
liinked to e.g 




lypeptide. 
yar protein 
ri may be a Fab r 
from another 




BRIEF DESCRIPTION OF THE FIGURES 



• St 



Figure 1 shows an analysis by ELISA of the 
specificities of soluble single-chain Fvs tscFvs) 
isolated from the unimmunised library by selection on. 
bovine thyroglobulin (upper panel), human TNFa (central 
panel), or the human mAb Fog-1 ( gamma- 1, kappa)- 
Binding was determined by ELISA to a panel of proteins, 
as follows: 1 - plastic; 2 - hen egg trypsin inhibitor; 
3 - chymotrypsinogen A; 4 - hen egg ovalbumin; 
5 - keyhole limpet haemocyanin; 6 - bovine 
thyroglobulin; 7 - human TNFa; 8 - turkey egg-white 
lysozyme; 9 - horse heart cytochrome c; 10 - bovine 
serum albumin; 11 - mAb Fog-1. 
Fifrure 2 shows an analysis by ELISA of the 
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specificities of soluble scFvs isolated from the 
unimmunised library by selection on human 
carcinoembryonic antigen (CEA) (upper panel), the MUC1 
peptide (Price et al.. 1990, supra) (central panel), or 
human CD4 (lower panel). Binding was determinedly 
ELISA to a panel of proteins, as follows: 1 - hen egg 
trypsin inhibitor; 2 - chymotrypsinogen A; 3 - he?.. 600 
ovalbumin; 4 - keyhole limpet haemocyanin; 5 - C|A; 
6 - urine extract containing human polymorphic - 
epithelial mucin ( PEM ) ; 7 - bWne thyroglobul^ i. 
8 - hen egg-white lysozyme; <£- bovine serum albumin; 



10 - chidten gamma globulin gupled to 4-hydroxv^ 
nitrophwl acetic acid; Inhuman recombinant^luble 




[shows an ELISA to|assay the binding < ai 
ited by selectionfron a human monocloi 

Stb a panel of hi 

Si*' ' 




lambda); 7 lgG2, lambda |ajrtibody 
if (Sigma); 8 - 0ak3j|gG3, 



CD4. 

Figure 3l 
scFvs, 

antibodlEkg-1 (IgGl, kappaj^ 

antibod^afof varying isoty^fas follows: 1 
2 - the^fefragmeht of Hul 3^p 3 - Hulysll an* 
(IgGl, klppa); 4 - RegA ( IgO^ kappa ) ; FogC C 
kappa ) ; ~*f|- Pagl ( IgGl , 
purified ^Irom myeloma plasma|[( Sigma] 

lambda);^ - IgG4, lambda pufified from myel9m|plasma 
(Sigma); 10 Foml (IgM, lambda); 11 - FomA ( Ig^- lambda). 
Figure 4 ■ illustrates the assembly of V H genes^in the 
creation of a synthetic library. ;j j^. 

Figure 5 shows schematically selection techniques for 
pAbs: 2(i) shows a binding/elution system; 2(ii}. shows a 
competition system (p = pAb; ag = antigen to which 
binding by pAb is required; c = competitor population 
e.g. antibody, pAb, ligand; s - substrate (e.g. plastic 
beads etc); d = detection system). 

The present invention is illustrated by the 
following examples. Oligonucleotide primers and probes 
mentioned in the text are listed in Table IV. Tables I 
to IV are found after Example 8. 




•...uj.in tsar .l ; 
• . -ainbc.^- • •• 

. L iter \ 



Example 1 shows the isolation of antibodies directed 
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against human tumour necrosis factor-a and a human 
monoclonal antibody from a phage library of single chain 
Fv fragments derived from an unimmunized human. 

Example 2 shows the isolation of antibodies binding to 
human thyroglobulin from a phage library of single" chain 
Fv fragments derived from an unimmunized human. 

Example 3 shows the isolation of antibody fragments,., 
directed against the self antigens MUC1 mucin, i-^ga'. : 
carcinoembr^onic antigen. (CEA)jJnd recombinant s^g^e 
CD4 (rsCD4)Jfrom a phage displ^library of singlgc|iaih 
Fv fragments derived from an ti||mmunized human. ;r ^| 

Example 4" J|ows.the further chfecterizatipn^of /s^^ted c _ 
itibody fragments bj 



anti-self.> 
affinity 



Example 5* 
library 




ierminations . 




:DNA sequencing ajg^&t 



rs the creation : ~Bj^ synthetic hiuia^^^ ( \ 
ig germ line VH segments . ^ 



Example 6 :shows the isolation,^ an antibody fragment 
binding tolhuman tumour necrosis factor-a from ^uman 
germ line synthetic library. <j. ^ 



Example 7 shows the creation of a synthetic hum^n^ 
library using human germ line VH segments containing VH 
CDR3 sequences of different lengths and isolation/pf . 
single chain FV fragments binding to human thyroglobulin 
and a human monoclonal antibody. 

Example 8 shows the isolation of human antibodies 
directed against human interleukin-1 receptor molecules 
which trigger receptor function. 

Example 1 

Isolation of antibody' fragments directe d against self 
antigens from a library of scFv s made from unimmunized 





^r«a 














■ -\ in -pn§| 






* i .. 
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blood donors . ___ „ 

. Mat^ral ly occuring V-genes isolated from human FBL. 
can be constructed into a large library of antibody 
fragments which contain reactivities against antigens to 
which the donor has not been exposed (WO92/01047 example 
42) We have realised that these libraries may also 
contain reactivities^against self antigens, arising 
-either from self-reactive B-cells which have not been 
deleted or as non-naturally occuring fragments resulting 
3rom VH and VL chal^ecombination. T|ftest this, we 
fanned a large humlgscFv library displgfed on the 

fir.*-* •2*eS± s . . _^ , rnjvSaF and a hUl 



fanned a large humangscrv 2 , 

ISrface of a phag^ against human TlJ|and a human 



from -the RNA 
fcribed 
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fchods iJ 
Hscue of t he lib^gl 
S| The library oJ|||bFvs was construe 
m human PBLs andj|§tbeen previously! 
f§092/01047 exempt). To rescue phage displaying 
Ptibody fragment^»proximately 10*g|fcol± ^ - ™ 

larbouring the phafliid were used to^ihoculate 50 ml of 
| x ty contalni«g«gl«eose and 100 mf/ml of ampicillin^ 
x TY- AMP-GLU) atd grown to an O.Djgpf 0.8 with . . J 
'shaking. Five ml & this culture was fised to innocul, 
: >50 ml of 2 x TY- OT-GLU, 2 x 10 8 TU of delta gene 3 
'helper (M13 D gene^ill see WO92/01047Kwere added and 
■ the culture incubated at 37'C for 45 minutes without 
shaking and then at 37"C for 45 minutes with shaking. 
The culture was centrifuged at 4000 r.p.m- for 10 min. 
and the pellet resuspended in 2 litres of of 2 x TY 
containing 100 mg/ml ampicillin and 50 mg/ml kanamycin 
and grown overnight. Phage were prepared as previously 
described (WO92/01047 example 42). M13 D gena III was 

prepared as follows: 

M13 D gene III helper phage does not encode gene 
-III protein, hence the phage(mid) displaying antibody 
fragments have a greater avidity of binding ta antigen, 
infectious M13 D gene III particles are made by growxng 



■ v 
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the helper phage in cells harbouring a pUC19 derivative 
supplying the wild type gill protein during phage 
morphogenesis. The culture was incubated for 1 hour at 
37 "C without shaking and then for a further hour at 37 °C 
5 with shaking. Cells were spun down (IEC-Centra 8, 4000 
revs/min for 10 min), resuspended in 300 ml 2 x TY broth 
containing lOOmg ampicillin/ml and 25mg kanamycin/ml (2 
x TY— AMP-KAN ) and grown overnight, shaking at 37 °C. 
Phage particles were p^if ied and concentred from the 
10 culture medium by two JjEG-precipitations .^jsambrook et 

ait, 1990), resuspend^rin 2 ml PBS and passed through a 
0^5mm filter (Minisa^NML; Sartorius) ^S[f ve a final 
eventration of apprMmately 10 13 tran%cing units/ml 
( a¥picillin-resistant ^clones ) . -fi&ap 



15 



panning of the library^ 

^^pimmunotubes. (Hunm^ere coated overr|pnt in PBS 
vlllnf 4 ml of either 100|;mg/ml or 10 mg/m^>|, recombinant, 
hltan TNF-a in PBS o^gnl of 10 mg/ml SgfiNi -1 ' a human 

20 l|§/k iinmunoglobulin^pch recognizes th^giman red 

blSoa cell Rh (D) ant|||n. Tubes were sSsjg?* with 2% 
Mafyel-PBS for 2 hou|||t 37° C and th«|pshed 3 times 
iSJpBS. Approximateiy|i013 TU of phage '*j|s; applied to 
the tube and incubate^ for 30 minutes at^oom 

25 temperature tumbling on an over and undei|^urntable and . 
thin left to stand for' another 1.5 hours £ Tubes were 
washed 10 times with PBS 0.1% Tween-20 and 10 times with 
PBS. Phage were eluted by adding 1 ml of . 100 mM 
triethylamine and rotating 15 minutes on an under and 

30 over turntable after which the solution was immediately 
neutralized with 0.5 ml of 1,0 M Tris-HCl, pH 7.4. 
Phage were then used to infect 10 ml of mid-log E. coli 
TGI by incubating eluted phage with bacteria for 30 
minutes at 37° C. The E. coli were then plated on TYE 

35 plates containing 1% glucose and 100 mg/ml ampicillin. 
The resulting bacterial library was then rescued with 
delta gene 3 helper phage as described above to prepare 
phage for a subsequent round of selection. This process 



WO 93/11236 



PCT/GB92/02240 



10 



44 

a ^ * i-otal of 4 rounds of affinity 
was then repeated for a total or * 
purification with tube-washing increased^to 20 
with PBS, 0.1% Tween-20 and 20 times with PBS or ro 
3 and 4. 

Characterisation nf binders: 

"~ T *™ the 3rd and 4th rounds of- 

Eluted phage from the 4ra ^ r«k-„, 

-a 4-« n -nfpct E. coli HB 2151 and 
selection were used to infect; 

soluble scFv was produced (Marks, et al 

assay. 1^ the case of TNF/^phage 
single colonies for assay. ELIS As 2 were 
was alsojrescued from singleicolonies. ^^^jf 

, ^«oVS&4 h*»d with microtitrB . plates 
performelras previously de^ bed Wirn „ n oj#i 
p /-iWSiimaTi TNF-a in 50 nam* 
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l991)^?rom 



blcarbonfte PH 9.6 or 10 u<?fi Fo g -l in «8- 



bicarbonate pti ^ — "TflFV ' • 
positivlin ELISA were f u«|r characterised 
y :Jttm ~ ,™rxA -7^3n^>le 20) and th< 



fingerp^ing (W092/0104^ 
sequenc 




luble scFv from 'M colonies and : p^ 

The*-^" 




U52 ori^nles were soreenepy ELISA. 
^ ^-figure 1. the ^orwhioh is grven, 

^ fcl^ of the f§ures (supra,. 

clones for binding to THF-eBwere further "-"^T^f 

^ PCR rin^rintingend eeguenoing. In ^-nner. 

airferent hinder, were identified. Four of^these 
have been sequenced. , & 

foo-1- Soluble soFu from 96 clones was screened by 
2s*' J positive clones ware further characterised W 
^inge^inting and seducing. In this -anner. four 
afferent binders were identifed and sequenced. 

iS2£^Dtib 9 d^^ 

"«tnn distl-r " H^riophaoe fd 
-Eaercple 44 of .092/01047 describes the selection of 
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antibody scFv fragments directed against bovine 
thyroglobulin from a library of scFv fragments. These 
were derived from unimmunised humans, expressed on the 
surface of phage fd, isolated by panning against bovine 
5 thyroglobulin. The results demonstrated that, it is ^ 
possible to isolate from a library derived from an 
unimmunised individual antibody fragments which will , 
bind an antigen to which that individual has never J^een 
exposed . 

1Q Sixteen^clones found by thif panning to be specif ic 

for bovine thyroglobulin have now been analysed foi^. 
binding to human thyroglobulin |n an ELISA assay (ajx.. 
• described inpcample 44 of WO92^1047). Nine of th^ e . 
clones also found strongly to h||an thyroglobulin, *|th 
absorbance sfgnals of between 1# and 1.6 12 minute^ 
after addit^; of substrate. N^cross-reactivitv^^p R 
(signal lesSfehan 0.05 after ?Jg| n > was found wi fl 
panel of unMated antigens- hpgg lysozyme, BSAj 
ovalbumin, ^Sfmotrypsinogen, ^ggghrome c - ke y hol || 
limpet hemocyanin, insulin, ca|||olipin and DNA.. 



20 



Thus, ^tibodies with speffiicity for epitoi 



the human' setf antigen thyroglbjulin can be isolated^ , 
from libraries prepared from uipmnunised humans . . - . 

Two clones binding to botlijhuman and bovine g",.. , 
25 thyroglobulin, a-Thy23 and o-Thy29, and two clones^ 
binding to bovine thyroglobulin Wy, a-Thy32 and.a- 
Thy33, were sequenced. 

Example 3 

30 isolation of antibody fr agments directed against the 

H„ ma n self -a ntigens MUC1 mucin, carci noembrvonic antigen 
i ^ and recombinant soluble CD4 (r «r.P41 from a phage 
dis play library of human single c hain Fv fragments 
The phage display library of single chain Fv 

35 fragments derived from unimmunized human donors used in 
Example 1 was used in selection to isolate antibody 
fragments directed against the self antigens MUC1 mucin, 
carcinoembryonic antigen (CEA) and recombinant soluble 
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CD4 (rsCD4). 



n^oie of th e library t that 

The libra ry was rescued as in example 1 except t 

The ixoranr M1 o K07 f 5 x 10 10 pfu) was used 

the standard helper phage M13K07 (5 x iu P 

library rather than delta gene 3 helper 
to rescue the Horary *<xw= 

phage (M13 D gene :IID- rr • 



151 



Selection of 

iitubes (Nunc; «x&rp> °° atea ^ i»tn ofe 1 

C(MeL e* 1«&91>. or were se^ea on 



^soluble CM (rsc^t (e-reesed In bafeovxrus by ,JK 



25 



30 



35 



iHRO 



logies inc. and by the MRC^ 

[ADP608J ) ; hum^arcinoembryoniq| 



^American Biol 

corresponds to ^repeated motxf 4 • „ ppSlW r 

rinmour-associaW polymorphic epithelial mucin or ^ 

S GendUrrt fe J- Biol. Chem- ;^ 12820^12823. - 
l>. LTeii^ACJ- n>i » Res commun. 171 

198 8; J.R.GU- etjal., Biochem- Biophys. Res. comm 

407-415, 1990). -5 : 5 n ^)^ 

, ~cd4 (lOmg/ml) were coated on ; 

CEA (20mg/ml) and rsCD4 iiumg/ „ hncnha ^ 
im munotubes overnight at room temperature in phosphate 
1 ^otubes overnxg ^ rounds of selection- 

buffered saline. For the firs 

tubes were washed 10 times wxth PBS, O.l* IW j 
^ 10 times with PBS. For subsequent rounds of 
selection tubes were washed 20 times with PBS, 0.1% 
^ Tween 20 and 20 times with PBS. Phage were eluted 
with 100 mM triethylamine as (Marks et al., 1991). 
Eluded phage (usually 10* to 10? traducing units) were 
Sed to infect E. coli TGI cells. Approx. 10* infected 
^eria were used as an inoculum for the next rescue, 
bacteria were 5 rounds of rescue and 

The library was subjected to 3 to a roui 

selection for each antigen. 
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For selection of phage binding to the MUC1 peptide, 
the peptide was coupled chemically to Sepharose 4B 
(provided by M.R. Price). A 1ml column was prepared, 
and phage was selected as described by McCaf ferty et 
5 al.. 1990 (supra). Briefly, the Sepharose-MUCl column 
was washed with PBS containing 2% skimmed milk powder 
(MPBS) and the phage .loaded in 1ml of the same buffer. 
After washing the column successively witti 10ml volumes 
of MPBS, PBS P H7.2, SOmM Tris-HCl/500mM NaCl pH8.0, and 
10 50mM Tris-HCl/500mM §C1 pH9.0, phage wejg^luted with 

sli lOOmM triethylamS and neutralised ^th 0.5M sodium 
plbsphate buffer pH-||*. Five rounds b|||election were 
'cfeied out. . i|f|f./ -W^& 



15 Screening and sequenc ing of clones 
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Single ampicill^^resistant colonij 



_M£ rora infection jm^ 

m. single ^P 1 ^^^ " •■'■>-g?M 

M. coli TGI wit^pted phage, were^eened either .| 
R binding of phig»lackson et al.rfMgJ or soluble ^ 
fragments (M^pSt al., 1991). I^e the gene 



ling the antibod|pragment is link^ 




^coding the phag^oat: protein by an 




&6 that 

ir : 

codon, 

H>luble fragments;ccM be secreted from ^non- suppressor 
|train of bacteria effected by the phagjyj Hoogenboom et ^ _ 
il., 1991). The bidding to antigen of soluble scFvs in 
bacierial supernatant was detected withfthe mouse mAb 
9B10 (1 pg/ml), which recognises the C-|errainal peptide 
iag (Munro and Pelham, Cell 46, 291-300; 1986), and 
peroxidase-conjugated anti-mouse Fc antibody (Sigma), as 
described (Ward et al., 1989). Plates were coated with 
the antigens Fogl, TNFa, bovine thyroglbbulin and rsCD4 
as described for immuno tubes above, and with CEA at 
5mg/ml. A urine extract containing human polymorphic 
epithelial mucin (PEM) was used at a protein 
concentration of approximately lOmg/ml. 

The specificity of the isolated clones was checked 
by ELISA of the soluble scFv fragments using plates 
coated with various proteins. Plates were coated with 
the antigens Fog-1, TNFa, bovine thyroglobulin, rsCD4, 
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CEA and PEM as described above. Other proteins were 
coated overnight at room temperature at a concentratxon 
of 1 mg/nrl in PBS (cytochrome c [Sigma]) or in 50 mM 
NaHC03, PH 9.6 (bovine serum albumin, turkey egg-w^te 
lysozyme, hen-egg-white lysozyme, hen ovalbumin, keyhole 
limpet haemocyanin [CalBiochemJ , chymotrypsinogen A, 
chicken egg-white trypsin inhibitor [Sigma], chicken 
gamma globulin coupled to 4-hydroKy-3-nitrophenyl acetxc 
acid. Clones found to give a positive EtISA signal 
were screened by PGR and fingerprinted' with||he 
restriction enzyme BstNI as in (Marks et al., £991. 
supra)§o identify differ*, clones- Examplesjpf clones 
'M_L m ^^^aH-oms were selected and 



with efferent resttictic^atterns were seized and 
thehJiyand light chairpequenced using aA^quenase 
kit CUSB) or using a n^b^Dm Terminato^cle 
Sequ^g kit (Applied ^sterns) and an ^ed 
BiOS^pas 373A DNA sequegggf. 




Sequenced clones w 
MacVector 3.5 ( 



fflirther analysed 



1B1 



20 VH genes were compared to! 



[Kbdak, New Haven/] 
:,r - 83 germline gen^pegments 

et al. 



present in the VH directoW' Compiled by Tomljgon 
(J.Mo^Biol. 227 776-798^992). VL genes were o 
M ^.^ , > ~2fUnHrn* rtPJie seaments an 



compared 

with 34 published kappa g|cmline gene segment and 13 
published lambda gene segments. Regions of tBe V-genes 
encoded by PGR primers werfe not included in tne 
analysis. 



Th». selected ^man .antibody fragments show hie 
greelflcity gainst self-antigens 

two to five rounds of selection, E.coli cells 
were infected with eluted phage and antibody fragments 
produced by individual clones were screened for binding 
by ELISA. Phage selected with the 20 amino , acid MUC1 
peptide (Price et al., I990,supra), which corresponds to 
a repeated motif in human MUC1 mucin (tumour-associated 
polymorphic epithelial mucin or PEM) (Gendler et al. 
1988 supra; Gum et al., 1990, supra), were screened for 
binding to human PEM and hence bind to both peptide and 
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the protein. The V-genes of clones with binding 
activities were sequenced, and one clone identified for 
each antigen of CEA, PEM and rsCD4 (Table I). The 
appearance of only low numbers of clones binding to CEA, 
5 PEM and human recombinant soluble CD4 (rsCD4), even 

after several rounds of. selection, may reflect the use 
of VCS-M13 (stratagene) as helper phage (instead of 
Ml3DgIII helper used for the other antigens). £ 
Populations of phage(mid) particles produced by rescue 

10 with M13DgIII (which cannot produce pill) have ^|£f r 
average avidities than those produced by rescue, w^th 
VCS-M13 (wfiere the wild- type jjJII encoded by the^lper 
phage can||pmpete with scFv-plil fusions ) - d||feo 
The scFy fragments were||hen screened for hoping 

15 to a panejfibf other protein e^igens, and were^^d. to. 
be highlyS^cific This is J^istrated in Fig Jh ^^th 
the singlj^iones with bindi||^activity to hume 
MUCl andpllan rsCD4. See blip description- o£|jj 

(supra) ^^key. *|SPl" ■ v)l 

20 Hen^^antibody fragmen^j&irected against^j 

human seiMantigens CEA and .MUCl which are tuntoj 
markers)^ rsCD4 can be deified from the same^Hbrary 
and they all have a high specificity for antige^^ 

Example 4 y*? •j=L3ft- 

25 Characterisation of anti self antibody f ragments .jy DNA 
sequencing and binding to antigen -la- 

The antiself antibody fragments isolated in; 
examples 1,2 and 3 were characterized by DNA sequencing 
and antigen binding* 

30 

The antibody fragments are derived from a r ange of 
unmutated and somatically mutated V-genes 
The sequences of several clones with 
self-specificity were determined as in example 3 and 
35 contain both kappa and lambda light chains (Table II). 
Comparison with the sequences of the nearest germ- line 
V-gene segments indicates that several different 
families are used (VH1, 3, 4 and 5; Vkl and 4, Vll, 2 
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and 3). m a few cases the V-genes are completely 
germline, for example both the VH and VI genes of 
aThy-29. However, most of the V-genes have several 
differences from the nearest germline V-gene segments, 
both at the nucleotide and amino-acid level (Table II), 
suggesting that they are derived from somatically 
mutated B-cells. Some mutations may have arisen during 
the PCR amplification and assembly process, for sample 
the VH-genes of*aF0Gl-G8 and aWCl-1, and the Vk-gene of 
aThy-33 probably arose from cross-|vers between two ^ 
V-genes during -PCR amplification (fable ID- ir f iv 

Furthermore, large differences (fqfexample the Vk of fe 
aF0Gl-H6 whichfif fers by 36 nuclides ) may be duejo^ 
the use of unknlwn V-gene segment*: There is a stra^g^. . 
homology in thfcDR3 of the heavyfia^ between aTNF^ ^ 
and aTNF-El : # /germline V-genesj|re different *"\$®k 
same JH segme^re used, and ^residues of CO^t£, 
are identic^l^his suggests that|pth SC Fv fragment| 
may bind to t^same epitope of tJ||| 



tr-3 



25 



30 



35 



■ » h« antibody ^gments are directed to different 
e pitopes on the sam e protexn ^ 

The scFv fragments directed against bovine 



thyroglobulinlrom example 2 were^screened for binding; 
to human thyroglobulin, which differs by only 6 single . 
amino-acid residues in the protomer (Malthiery,Y. and- 
Lissitzky,S. (1987) Eur. J- Biochem. , 165, 491-498). 
Four of the twelve clones (including aThy-29) bound to 
human thyroglobulin, whereas the rest (including aThy^-32 
and aThy-33) did not (data not shown). Likewise the 
fragments binding to the human antibody. Fog-1 were 
screened for binding to a range of other antibodies 
differing in heavy and light chain isotype (Fig. 3). 
See brief description of Figure 3 for its key (supra). 
The fragment aFOGl-A4 bound to all heavy chain gl, 2 and 
3 isotypes, but not to g4 or m. By contrast, the 
fragments aF0Gl-H6 and aF0Gl-A3 did not bind to any of 
the other antibodies, including those of the same 
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isotype as Fog-1, suggesting that they are directed to 
the variable domain of Fog-1. 
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Characterisation of selected scFv fragments 

The following clones were chosen for large scale 
purification and further characterisation: aFOGl-H6, 
3F0G1-A3, aTNF-E7, and aThy-29. .Colonies of the 
non-suppressor E. coli strain HB2151 harbouring th«£ 
appropriate phagemid were used to inoculate 2 litres .of 
2 x TY containing 100 pg ampiciUin/ml and 0.1% gl^se. 
The culturesjwere grown and indifced (De Bellis,D. ux anJl 



Schwartz, I. 
tagged sc 
( Clackson 

The 
antigen by 
and aFOG l-ri 
(Gorick,B.*j 
Hughes, J.N j 



|1990) Nucleic Acidl|Res., 18, 1311 ) . and ,^the 



fragments purified Jusing the mAb 9ElQ^s|in 
pSl.. 1991, supra a|l?W092/01047) m " 

jition of 125I-Fog%^binding to hum 
... affinity purifid^scFv fragments 
fwas essentially a"|||4rformed earli 



following modifications. 



Thompson ,K.M. , 
^1988) Vox. Sang..>| 

o.oil 



pimed,M.D 



and 



165-170) with 
^pg of 1251-FOGlJ 




pre-incnjbatia .with varying amd^ts of purified aJgCg%H6 



or aFOGl-AilscFv fragments pg) at 37°C. fd^l.5 

hours, befoS adding 0.5 pi o||i>2 cells (or ; rr^s 
as control )T The mixture was then incubated for..^ . 
further 1.5 -hours at 37 °C with Jonstant mixing, aj& 
finally cells separated from th^e supernatant, 
control, a titration was also performed with a purified 
scFv fragment directed against turkey egg white Isozyme 
( aTEL9 ) (Marks et al., 1991, supra). 

Kinetic measurements were made using surface . 
plasmon resonance (BIAcore, Pharmacia Biosensor AB) 
(J5nsson,U., Fagerstam,L., lvarsson,B., Lundh,K., 
L6fas,S., Persson,B., Roos,H., R6nnberg,I., 
SJ51ander,S., Stenberg,E., Stahlberg,R. , Urbaniczky,C. , 
0stlin,H. and Malmqvist,M. (1991) BioTechniques , 11, 
620-627; jansson,U. and Malmqvist,M. (1992) In Turner, A. 
(ed.). Real Time Biospecific Interaction. JAI Press 
Ltd., San Diego, Vol. 2, pp. 291-336). In order to 
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separate monomeric and multimeric species, the purified 
scFv fragments were concentrated by ultrafiltration and 
then fractionated on a calibrated Superdex 75 FPLC 
column (Pharmacia) in PBS, 0.2 mM EDTA. Gel filtration 
5 was monitored both by the absorbance at 280 nm and 
on-line to BlAcore with immobilised antigen on the 
sensor chip (Johnsson et alv, 1991). ^ . 

Kinetic experiments were performed in two^dif ferent 
configurations. First, to jinalyse the binding^ 

10 solublefsicFv, the different^ antigens were covalently 
immobilised on the sensor chip (in the case of^b 
Fog-1, %e antibody was als£ immobilised via a||iouse 
anti-human kappa light cha^inAb using a senso||chip 
coated" tith rabbit anti-mot^ IgGl ) - Second^ analyse 

15 the billing of the soluble^ FOG-1, the scFv 
was immobilised on the chigteurface. , , |§3lv . 

antigens were od^pd/to the CMS seii^.chip 
. -throug^heir amine group's^sing the Amine^C^p4ng Kit 
(Pharmaifca Biosensor AB)(tS|sson r B. , Lofas^S^nd 

20 Lindgvi|t,G. (1991) Anal,- ^bchem. , 198, 268-^, The 
antigens were diluted in if mM acetate buffe&g^O to 
approx^SS ug/ml, and 3805^esonance units (Rg),of ™*.> 
6249 R&of human thyroglobdlin, and 5279 RU ogFOGl were 
inmiobilised- For the biospecific presentation^ Fog-1, 

25 affinit^ purified rabbit anti-mouse IgGl (Pharmacia 

Biosensor AB) was coupled to the surface followed by a 
mouse mAb anti-human kappa;(2300 RO) and then.Fog-1 
(2050 RU). As binding of the rabbit anti-mouse IgGl to 
the mouse mAb was reversible by 10 mM HC1 the. complex 

30 was rebuilt for each analytical cycle. ScFv anti-Fog-1 
was coupled to the CM5 surface to 1538 RU. All 
determinations were performed at 25'C in PBS, 0.2 mM 
EDTA, 0.05% BlAcore surfactant P20 with a constant 
flow^rate of 10 ul/min. and an injected volume sample of 

35 35 ul. It was not necessary to regenerate the antigen 
as the scFv fragments rapidly dissociate, with the 
exception of the biospecific presentation of antigen via 
rabbit anti-mouse IgGl which was regenerated with 10 mM 
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HC1 for 3 min. 

Analyses of scFv monomer were performed in the 
concentration range 100-500 nM, and dimers in the range 
40-200 nM except for the biospecif ically presented Fog- 
5 where the concentration of dimeric scFv was 0.25-?. .26 
uM. Fog-1 was analysed on the aF0Gl-H6 scFv surface in 



the concentration range 10-200 ,nM. All concentrations 

were calculated from U.V. absorption at 280nm (assuming . >sp- 
that 0.7 mg/ml scFv gives an A280 = 1 [Mach,H., ^ 
10 Middaugh,c|fe: and Lewis, R.V. (^992) Anal. Biochem§- 200, 

74-801. and- that Mr of a scFv monomer is 30 kD ancLof a . 

dimer is 60^ kD). No correctidggwas made for th£,flgr 

fraction ^active protein, a|pttierefore the on||a|es " •' W 

are an underestimate. The k^tic evaluation of j^Ja -:.^J|p ; - 
15 was per formed according to (Karlsson,R. , Michael^spn , A . .- 

and Mattsf8n|L. (1991) J. imiAmgi Methods , 14S,jfflg n . , •/- 

229-240) "anaf evaluated on therorogram Origin i-jjfe . ... .n. t ^gg^ .r 

• (Microcalfip?., Northampton^^^s. , USA). • - ^frap? 

20 Two of tn^Purtibody fraqmentsmre directe d aqair^£ . . ,. y.sn^E;-: 

idiotopes^of human mAb Fog-1 iSjlU ; % ?ef|*p :- • Jlf'l^j^' 

The binding of 125l-Fog4pantibody to human^ed o||L . 

blood cells bearing the Rh D;aritigen could be incited , - : ||r.r. 

by both aF0Gl-H6 and aF0Gl-A3?scFv fragments. H(igvp&, jL^Wjfr s 

25 both aF0Gl^H6 and aF0Gl-A3 are site-associated .; ( |,. .. ~ ary 

anti-idiotype antibodies, coinplexing with the _ ti § 

antigen-binding site of Fog-1 / The extent of inhibition . . .j i. 

of 1251-Fog-l binding to the Rh D antigen (on human R1R2 na 

red blood cells) was determined by titration with. . ir 



30 affinity purified aF0Gl-H6 and aF0Gl-A3 scFv fragments. 
(As control, no inhibition of 125I-Fog-l binding was 
observed using a scFv fragment (aTEL9) (Marks et al., 
1991, supra) directed against turkey egg white 
lysozyme). With the maximum of 16 pg scFv (1000 fold 

35 molar excess to 125I-Fog-l), the binding was inhibited 
by 14.2% (aF0Gl-H6) and 20.9% (aF0Gl-A3), suggesting 
that the affinities of these fragments for Fog-1 are 
much lower than the affinity of Fog-1 for the Rh D 
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antigen (Ka - 2.2 x 10* M"*) which binds monovalent 

It ai., 1988, supra,. If 100% of the fragments 
are active, the affinities of the two fragments for 
binding to Fog-1 could be estimated as Ka = 3 x 10 M 
for aF0Gl-H6 and 6 x 11* M"* for aFOGl-A3. and this is 
consistent with other kinetic measurements (see below 
and Table III). ^ ys 





30 



35 



The scFv f r 

s^nw ; . ^JC _ 

Soluble antibody fragments were/purified from 



bacterial superftants by 

a x further M 



After ultrafll'rpion. the £urther 
parlfied by FP*8al filtration (t§~*-> °" 
75 (Pharmacia) Wand detected on- J 



absorption C28C§|) and by binding antigen 



aosoiyi-iuii \ *v»«j-( - <«sr . (2ji^j?> 

«H-ir> in BiScbre (Pharmacia 
immobilised onpsensor chip in ewore v 

Biosensor AB)*his showed that .^scFv 
emerged in ^ofes, correspond!^ -ze to -nome^^ 
and dimers. Ti§ dimers bind more,;||*ongly to the 
mobilised anlgen than monomersidue to their greater^, 
avidity of binding. The scFv dime^ run as monomers ^ 
non-reducing SDS gels, and are therefore not linked by_ 
disulphide bonds. As two peaks are seen in ^ 
gel-filtration -it appears that ±* this case the ^ 
monomers and dimers do not interconvert rapidly. • 
Presumably the dimers are scFv fragments interlock ed_ 
through the flexible linker joining the heavy and light 
chains, or with the heavy chain of one scFv -lecule 
associated with the light chain of the other. We note 

that antibody Fab fragments made in bacteria can also 
multimerize (unpublished data). 

scFv fragments h»v» micromolar affinities 

— pr ^ ence Qf both soFv monomers and dimers could 

lead to an overestimate of affinity of binding using 
solid phase methods. To determine the affinity and 
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10 



15 



20 



25 



kinetics of binding of scFv fragments to the antigen 
coated chip using surface plasmon resonance, we 
therefore purified the fragments by gel filtration 
(Table III). For the diners, 'the of f -rate, constants were 
determined as about 10~ 2 s" 1 and the on-rate constants 
for the scFv dimers as about 10 5 -10 6 M" 1 s" 1 (assuming 



the sample is completely active). 



.its, directed, 
we detected onlj|p|06 to 0.38 
|es per scFv molec^fel^published^. 



jSata). 
Association of the? 



30 



35 



In the^case of 

aF0Gl-H6, the antigen; "( the mAb Fog-1) wa^ immobilised on. 
the sensor chip in tWo ways, either directly or via a 
babbit anti-mouse IgG.i-.antibody. The results were almost 
identical by either J|thod (see Table life However the 
rictive fraction of fragments varie^psiderably 

; l|a could lead to ; a^&erestimate of t0|n-rate ( and . 
Affinity of binding^Kpr example using||Luprescence 
ijuench titration w^^everal scFv frag| ? 
Sgainst phenyloxazdSo 
functional binding . 

Indeed th^^^rkte constants ca|c|ilated for the 

il-H6 fragment ai^^bg-1 antibody f 
depend -on whether. |||||ntibody (k on 2,Mo 5 M" 1 s" 1 ) 
| r scFv fragment x 10* M"l immobilised^ 

An the sensor chip^able III), indicator x that the , 
5|f0G1-H6 fragment is^iess active than J^/ 09 " 1 ■ 
^antibody. For the scFv monomers, the biiK^ng signals 
iwere low and it was Stiff icult to follow jtne kinetics of. 
binding to the surface, except for the dissociation of 
the aThy-29 monomer (k off - 2 x 10" 2 s' 1 ). However, the 
four fold stabilisation of the aThy-29 fragment dimer 
(see below), suggests that the off -rate constants of the 
other monomers are >10" 2 s" 1 , perhaps 10" 1 s" 1 . 

The greater stability of the scFv dimers on the 
sensor chip, compared to monomers, indicates that the 
dimers are bivalent. The scFv dimers are therefore 
analogous to the two heads of the antibody IgG (but with 
different spacing between the heads), and their binding 
avidities were estimated as about 10 7 M" 1 from k on /k off 
(Table IID- The affinities of the monomers must be 
lower by virtue of their faster dissociation from the 
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surface. For the aThy-29 monomer, and assuming that the 
on-rate constant is the same as for the dimer 
(Mason,D.W. and Williams,A.F. (1986) Kinetics of 
Ltibody Reactions and the Analysis of Cell Surface 
5 Antigens. BlaCcwell Scientific, Oxford) we ^ 
estimate an affinity of about 3 x 106 M 1. These 
affinities, calculated from.the rate constant^measured 
by surface plasmon resonance appear to be similar to 
those measured in solution by fluorescence quench 

TMS For example Ine affinity of binding of the 
10 techniques. For extuuyx<= ^ ,AAW 'which 

eonomegscFv fragment aTBi|H«arKS et al.. 1 ^" h "* 

libra*«as asf ? x « 1 

plasmof resonance (Table/MM, and as 1.J « 4f V 



15 fluor&ce quench («r#.1- « 91 ' HKL,* 
38fc„«<„ it ies of arifisodies Isolated arfflWPical 



|§?affinities of anjpdies isolated arSgy* 
of an«dies from the ^| primary i-nune^^^se 
(Foot^and M ilstaln.C»991) Nature. ? S ^?^ ) ; 
The ifl&o. of assooiatiMof rhe -tihody^^ants to 
20 the pr^in self-antigenMo 5 « 10° — . 

typical of previously chatoeterised 
llWaliions. However trifkinetics of disso^«oo 
(10-2-S- 1 ) are relatively.|east for Wj-protein^ 
Lteractions (hut both raiS* are slow coaparejto many 

- Rb-hairten interactions ). Tfct first sight, it 4s 

25 Ah napten ^ fragmentsfwith such 

surprising ttiar we can iw^^ . - 

.est off-rates, as one would not expect a "monomeric 
phage to *e retained on the solid support during 
washing. However. scFv fragments are displayed 
30 multivalantly on the phage, especially using «* 

MlSDgXH helper phage, and some of the serve which tend 
«, form dimers in solution, may also form dimers on 
phage. The multivalent interactions with antagen help 
Ltlin the Phage, allowing the encoded scFv phage to he 

35 ^^dom combinatorial V-gene repertoires derived 
from the mENA of immunised animals are enriched for 
heavy or light chain V-genes encoding part of an antigen 
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binding site and this facilitates the isolation of 
antigen-binding fragments using phage technology, 
although the combinations of V-genes of each 
B-lymphocyte appear to be largely destroyed. Antigen 
5 binding sites can also be generated de novo by the . 
random combination of chains, as illustrated by the 
isolation of scFv fragments against foreign antigens 
from unimmunised human donors (Marks et al., 1991,^. 

supra) . V *l ' 

10 "Natural autoantibodies- ^self- reactive antibodies 

isolated from healthy donors tend to be of low affinity 
and polysplcific and may weli|§ef produced by a ^gjjs^te 
subset off||cells, the intern^^ctivity set : J* 
(Holmberg;nr and Coutinho,A. ^985) Immunol. To^^^'6, 

15 356-357 ),^TOntributed in par^^- CD5+ B-cells (< 
and Notkin^A-L. (1989) Annujfer. Immunol., 7 f( -| 
513-535 ).«gn contrast, the ^^i-self scFv fragm* 
have mad^Sre highly specif i<ggro binding to anti 
despite dnlyf; having micromolaSfaf f inities. This; 

20 surprisinggaiid valuable f indi 

presumably|be improved in vitxp) for example,, 
affinity Of; an scFv fragment ^for the hapten , tyj 
phenyloxazolone derived f rom :^t& phage library X^d, 
like the anti-self antibodies ^described here, witt a. 

25 relatively fast off -rate) was ^improved from Ka = a j3.1 x 

10 6 M"* 1 to 9.1 x 10 8 M- 1 by chain shuffling (WO92/01047; 
Marks et al., 1992b, Biotechnology 10, 779-783, 1992). 
This would allow the creation of highly specific,/ high 
affinity human antibodies directed against self -antigens 

30 for use in human therapy. 
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Example 5 : 

Creation of a Synthetic Library 

By display of antibody repertoires on the surface 
35 of filamentous phage and selection of the phage with 
antigen 1 , we can mimic immune selection 2 ' 3 and make 
human antibodies from the rearranged V-genes of 
unimmunised donors 4 . Human antibodies have now been 



WO 93/U236 



PCT/GB92/02240 



58 



^10 

* - 



15 



20 



J 



25 



3D 



35 



made by synthesis from defined V-gene elements. A 
repertoire of 49 human germ line V H gene segments was 
rearranged in vitro by joining to a synthetic »D- 
segment" of five random amino acid residues and a J- 
segment, to create a synthetic third complementarity 
determining region (CDR) of eight residues- The 
rearranged genes were cloned with a human Vlambda3 
light chain as single-chain Fv fragments for phage ^ 
display. The library of 10? phages was panned «thj. 
hapten 2-phe&l-oxa 2 ol-5-one (phgs) conjugate to bovine 
serum albumin? (BSA) , and phage isolated that encoded^ 
fragments wif specific binding^btivity to phOx-BSfc 
and with affinities to phOx-gamm^aminobutyric acidj^ 
(phOK-GABA)'S the micromolar icififc. Comparison of^ 
twenty one cShes with unique fences showed tha|#he 
^ yitrro "imfine response" to tK| hapten was largely, 
restricted 3§the V H 26 segment^? family) 6 with.^ . 
invariant J&tlc residue (Ty^fphe, Trp) at residue 98 



iged in vitro mag 
cies biased tbwa^aj 



of CDR3. TiSpise of V-genes 
allow the demgn of antibody 

the binding if antigens of knowlstructure, and th^ . 
creation of ^therapeutic human aigibodies with , 

iimnunogeiiicity. . >.-\i2i.cv. 

Antibody variable domains dpnsist of a p-sheet-. 
framework with three loops of hypervariable sequence or 
CDRsS. ^e loops create antigen binding sites of a^ . 
variety of shapes, ranging from flat surfaces to . 
pockets 8 - For human heavy chains, the sequence 
diversity of the first two CDRs are encoded by a ? 
repertoire of about fifty germ line V H segments. U-M. 
Tomlinson et al., supra). The third CDR is generated 
from the recombination of these segments with about 
thirty D and six J segments^, and although its sequence 
is highly variable, it often includes a salt bridge from 
AsplOl of the loop to Arg94 of the framework^. The 
structures and lengths of the first two CDRs are 
restricted^- 11 , but those of CDR3 differ" greatly, with 
lengths ranging from 4 to 25 residues 5 . 
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A library was created of rearranged V H genes with a 
CDR3 of eight residues including AsplOl, in combination 
with a single Vlambda (ref.12) light chain. Forty nine 
germ line V H segments encoding most of the., human V H 
repertoire (Tomlinson et al., supra) were each amplified 
using the polymerase chain reaction 13 and 
oligonucleotide primers^ that introduce a synthetic D- 
segment (of 15 bases of random sequence at, the 3' end of 
the Vh segment) and a j-segment, together-MBncoding a 
CDR3 loop of eight residues (Fig.4). TheS&earranged 
segments were pooled ami] cloned for phagefdisplay with a 



human Vlambda3 light: (mLn, creating a 
oJj^LO 7 phage clones.jffike the inunune syj 
s^iietic library of phage clones cj 
siaali fraction of thsffoptential diversity 
dirorsity is potentiam^|49 x 32 5 « 1.6 
aleotide sequencesjp^zf 49 x 20 5 = 1.6 
id acid sequences!! 

&The library was|[gBraected to four ^ 
^panning on phOx-bovfne serum albumin? 



tubes, and clones screened as soluble 14 s^gle chain Fv 
fSgments 15 ' 16 for bl^Ciig activity to pi^|^BSA by 
EL1SA 4 , After the thijk and fourth rounds^xJ.4/96 and 



ietic library 
the 
lap . only a 
sfeThus the 
j^| T . different 
Jgj^. different 



ids of growth 
■SSA ) coated 



61/96 clones respectively were identified^With binding 
activities to phOx-BSAiand of these (29 tested) none 
bound to other proteins (see legend Table^g). 
Furthermore their binding to phOx-BSA coated plates 
could be competed with the soluble hapten^ ( Table B). 

Sequencing revealed that many (21/29) of the phOx 
binders were unique, with an eight residue CDR3, and 
utilised either a segment from the V H 4 family , or one of 
three segments from the V H 3 family (Table B). Together 
these segments use three of the seven "canonical" folds 
available to the first two hypervariable loops of human 
V H segments. (C. Chothia, et al., supra). The majority 
of the unique clones (16/21) were derived from the VH26 
segment 6 and have related sequences in the third 
hypervariable loop: in this group the first residue 




j La 
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tends to have a branched aliphatic side chain (15/16), 
the second residue tends to be lysine or arginine 
(11/16), while the fourth residue is always an aromatic 
residue (most frequently tyrosine). . !: 

The affinities (1^) of two of the stronger binders 
(Ox 13 and Ox-31, Table B) for phOx-GABA were determined 
by fluorescence quench titration^ 7 as 3.1 ± 0.2 uM an£- 
6.7 ± 0-7 uM respectively. Although the synthetic ^ 
antibody library lacks the diverse VH-CDR3 lengths and 
the oiffererif light chains of antibodies made in vivo,, 
the affinities for phOx-GABA compare with 0.5 uM fq&a. 
(phage) antibody made from uninrauinised human donors^or 
luM for several hybridomas fromi^inouse primary i^une^ 
response 18 (bit see caveat , Tabif A legend). To improve 



these affirii ' 

& 

below) the 




es, one could syart^natically alter Cfe| ti , 
|* different phOx ^tibodies select^^^ y 

|le, the use of j£jik display librar^pf 



fed in vitro of f|rc; an attractive 

— — '***5> 



ITS 5 



alterna^ve;.^. those rearranged^yivo^. Firstly^, 
framework regions and first twcjiypervariable loops^f ( 
both heavy Hd light chains of ^ synthetic human^ p . ; 
antibodies cheated from the library are essentiallyjrerm 
line. This contrasts with the "primary" phage ^ J. . 
antibodies tapped from human V-genes rearranged in vivo, 
in which the extent of somatic mutation varied widely . 
Leaving aside polymorphism, the VK gene segments are 
identical in different individuals, and the synthetic 
antibodies are potentially less immunogenic. By _ 
altering the lengths and sequences of the heavy and 
light chain CDR3 loops, or by localising the minimal 
mutations in the other CDR loops, or by shuffling with 
synthetic "germ line" light chains 19 ' 20 , it may be 
possible to improve their affinities while retaining 
their germ line character. 

Secondly both kinds of libraries are highly biased. 
In the "natural" libraries, the bias is outside our 
control, and is imposed for example by allelic 
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variation, deletion polymorphism and deletion of self- 
reactive clones. In the synthetic library, the bias can 
be introduced systematically. Here' for example, all the 
VH-gene segments, were chosen and thereby the folding of 
the first and second hypervariable loops: also fixed v 
were the length and diversity of VH-CDR3 and the light 
chain. Although several ways of jnaking diverse • 
synthetic libraries have been suggested 2 , it should also 
be possible tb incorporate design * principles into the^ 0 
encoded structures. If the shaped of the antigen were^ r 
known, an envelope of roughly complementary binding a ^^ 
sites might B&designed and buill^With defined v-ge^u^ 
elements. Us^ of such MesignerMlibraries would f^jur 



the isolatiori|bf antibodies witti|«igher af f inities^^r^ 
Table' A -5# ; « . >*im? . . \ M 



120 



Family 



V H 1 



V H 2 



V„3 



Ncpof 
SF§fi®§ 



VH segment: 



i4 



23 




l-5,7,8,iq|L2, 
14, 15, 20, 21$. 25 



27 



29-33,35,38-40, 
42,44-54,58,59 



Library sx 
x 10~ 6 (« 



1.0 




2.3 (20). 



2.1 (19) 



30 



35 



V H 4 



V H 5 



V H 6 
Total: 



9 
1 
1 
49 



63-71 

73 

74 



2.6 (23) 

1.4 (12) 

1.9 (17) 

11.3 (100) 



*for simplicity V H segments are listed according to 
DP nomenclature of Tomlinson et al., supra. 
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, - Ccfflgslj tnr of tf .vnthe.trc library. 
Forty ^ human V„ segments (Tomlinson «t al 
supra) were used, one for each of the V„2. V„5 and V„6 
Z* f-lli- -d segments for the other three 

failles, and oloned according to family. Clones from 
the V H segments of each family -ere checked for presence ^ 
.of insert (on average 85%) and pooled into a single 
'large library as liable B, creating f (controlled ) ft 
"ties for certain g#: families. The s^ments from the 
'Stf. V H S. V H 6 famines — "dvefrepresented 
iLh respect to ffements from othegf amilies . 



m . . fh^ive clones fromMe unselected 

Sequencing of «iirx|^txve uxww ^f»«*~ _ ._ . 



{Sequencing 01 ^ . , 

BLry confirmed* » H seg-ents frdijach «-* -»A 
rpresent. and that IM nucleotides "^^^"^^Jfc 
Kipected ratios A -segment. 

|br C. (At the filiand second position^ 1* 
21 .3%; G, 17.9^33-7% and T, 27.*%K« «*- thlrd 



20 



IfUition. G, «2.«f& «. 57.4%). ^expression levels 
if the antibody fronts were also checked, end % 
; leg»ents were ide^ iied in clones w% detectable 
^expression levelelffor example V B 1 0>|§7>. Vtf (DP 
'f V <DP-29,35.38.4§47.51.53>. V„4 ,d|o3.69>, V h 5 (DP- ; . 

^73) and V H 6 (DP-74|> 




25 



30 



35 



ihe clones were checked for presence of insert by 

•PCR-screening'21 witn oligonucleotides LMB3 and pHEN- ; 
SEQ (ref .4, and sequenced from double^stranded DNA by 
the dideoxy chain termination method 22 with _ 
oli gonudeotide LINKSEQ (5'-CGA TCC GCC ACC GCC AGA G- 
3 . ) (The numbers in the tables are corrected for 
insert). Expression of soluble scFv fragments was 
checked by spotting lOul supernatant of induced 
overnight cultures in E^coli HB2151 (ref .14) onto a 
nitrocellulose filter using a slot-blot device (Mi-fold 
II Schleicher and Schuell), and detecting the bound 
peptide^tagged scFv fragments with 9E10 antibody* and 



3 
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peroxidase labelled anti-mouse antibodies (Sigma) 



Table B 



Clone Family Germline 

gene* 



Ox-31 

Ox-15 
Ox-18 




Canonical Loop 
structure* 



V„3 



V H 3 

fl 



V H 3 



%DP-42 



DP-45 



1DP-47 



JUT 



1-1 . 

i-iJL 



•» t4 



\»3 
n 



^50 



26 

>300 
>300 

20 

50 

80 

86 

86 

86 

100 

125 

125 

125 

130 

150 

180 

250 

>400 

II 



30 



Ox-2§ 
Ox-1 



V H 4 



DP- 67 

II 



2-1 

H 



>400 
>400 



35 



* Tomlinson et al., supra, Chothia et al., supra. 

* in uM, according to competition ELISA with 
phOx-GABA. 

§ shows V67A mutation in FR3. 
If Not determined. 
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library 

Phage were prepared from the library by rescue wit* VCS- 
M13, and subjected to rounds of penning m phOx-BSA . 
coated tubes as in ref.4. The sequences of 21 phage 
Mnding to phOx revealed four gars line v„ 
42 45 47 (VE3 femily) and DP-67'°(VH4 family). DP-47 is 
Lentical t*v«26 (ref.e. corrected in tef. 24, while 
OP-42, DP-4§and DP-67 only differ in one or e few^ 
framework residues from 8-1B 0§f.25>, 65-2 <ref.2^ or 
VH4.22 Creff27, respectively.. ^lones from the £ = 
unselectedftbrary using the D§7 V H -^.^Jfgf 
the characgristic pattern ofJJHO °° ..r 
Of the 21 #k binders tested||one bound to 
bsa, plas^fe chy-^sinoga^ cytochrome 
^oglooum keyhole limpet J^ocyanin or tur^„egg 



white lyscS^- ^ur clones* bound to BSA 

• ---.ok* 



to phox) were found to be 
20 from ref .4^- 





"^J-... The reletif affinities of ^SCPV 

fragments were determined by inhibition ^ 28 "#. 
25 serial dilution of 4-gem»e-a^ao-butyric acid methylene 

^l-omasol-S-one (phOx-OABA,. with cohcentrm|o» 
JUs from 6 to 400p«. wes made in 4* -rvel-P^. and 
^supernatant added. The concentration of pbOx-GABA 
resulting in e 50% reduction of the signal (I 5 0 > 

30 biding to phOx-BSA -as noted. The eff inities of the 

clones ox-13 and 0,-31 for phOx-GABA were determined by 
florescence guench titration using scPv purified bytte 
c-myc tag (ref.4). Ideally, the affinity for the phOx- 
BSA conjugate would have been measured directly, or that 

35 for phOx-caproic acid, but phOx-GABA was used here to 

allow comparison with the hybridoma data of ref.18. The 
affinities of the antibodies for the phOx conjugate or 

" tm , ., „_ utelv to be better than those 

for phOx-caproic acid are luceiy to 
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measured for phOx-GABA. 

p< T ,r e 4 - Sh o ws the asse.nb.lv of rearranged VH genes 
(see text) 



Methods 

A synthetic oligonucleotide SYNLIB1 (see Table IV ^ 
.ntroduced a D-segment with a five residue random amine, 
acid sequence, a ^-segment and an Xhol restriction site,| 
to the 3' end of|each of 49 human V^germline segments 
(Tomlinson et al?,? supra). The primjr was used in the g 
polymerase chaitfoaction^ with a V|. family based bac|g^ 
primers ( VHBACK )®|corpor ating an Ncol: site , Aq||t 



primi 

HuVHIBackSfi to 



liVH6BackSfi. Each^H segment clone 



fee 



V 

.. 

25 



(provided as sifle stranded templa^in M13 vector) 
amplified sepaJgy at 94'C for l||h, 5CTC for 1 minffe 
and 72'C for lStth, for 25 cycle||on a PHC-3 
thermocycler <|§§ie). Each ampliation was checked^ 
by electrophorlBion agarose gel.,^d similar amounts, 
v^*? _ — were pooXa 



of DNA from V H *5g»ents of the sam||family 
digested with nSi and Xhol, and c^ed into the vec* 
pHENl (ref.14) Jprrying a rearrange^ VlambdaS light- 
chain variable l^in . (IGLV3S1; ref|l2) taken from a ^ 
scFv fragment binding to BSA . . . ^bi. 

If, instead of a random oligonucleotide, an ^| . 
oligonucleotide encoding a CDR, eg from a rodent, were- 
used, this would imprint that non-human CDR on the 




product synthetic human library. 
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Example 6 

relation of a- «Hhnrtv fragments specific^or^ugour 
npcrosis fact ^-» from a germ line human_sznj*gt^ 

library . _ . 

A clone encoding an antibody fragment specxfic for 

tumour necrosis f actor-a was isolated from a germ line 
human synthetic library. This library was prepared as 
described in example 5, except that the oligonucleotide 
SYNLIB2 was used in place of SYNLIBl, so that a 5 amino 
acid V H CDR3 was generated. The library was panned 
against tumour necrosis factor-a,;as described in ^ 
example 1 for- the library derived|from unimmunised £q |, 
humans. After If our rounds of panning a phage antibody^ 
(and corresponding soluble fragmeft) was isolated with ^ 
binding activity to TNF. The V„ f gion of the scFv^jg^ 
fragment (an§iO) was derived f #n the VH segment^S. 
(Tomlinson ell, 1992, supra ). ^ hapten bindingjg^ 
clones oNXP-MSnIP-12, oOx-15 are also^ 

derived ftoifKs segment, alth<*|gb each of these ^ 
fragments welf nevertheless specific for binding tojp 
hapten or TNfT This indicates thffc antigen binding .^ites 
with entirelyldifferent specif icfties can be createcgcm 
the same antibody framework by substitution of CDR3J ;t . 
alone. Binding to non-specific antigens was assess^ by 
ELISA as described in example 1.' 
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SeSElS-X , ha1n fv fracnnentsi.bindjU^^ 

Iso3£iionJ>f^^ 

T aiid J liiminjr nH " nal anti body r ^ - 

fhyroalobulin ana a - nina vH CDR3 

— •* — . hQt j r library c ontain ing 

r r,n line human synthetic ixora^ . 

rrrpi— ^ dif ferentj^ngths _ ^ 

~ 4 _ human synthetic single chain fv 

A germ line human sy analagous manner to 

* i ,-hraw was prepared in an anaiaguu 
fragment P tQ lnclMda ge rm line VH 

the library m Example 5 to ^ ^ 



2x- 



: the library in E*ampre - — genera ting VH 

, ^ents and synthetic DH and Jtt 3 , e 
10 t (£» regions of between 4 and 2 ^ ^ 

4 ^ line rearran gedlight chain ,r|g, 
* phage lihrary hasibeen used as a source h.f 

#^ rEsag-u-- 

Fif tv aerm line gene VH segmenw^v sr nP&t« 
.oligonucleotidee^intrcuucea^o^e^ ^ 

»;CDH3 varying 1» Jfer* *»- * ~ ^"ed with its. C 
».. first P^-reactif feach gene ^^^ £i to o| 

2of VH6BACKSfir MarKff* al. 1991 «*^^ each of ^ 
J 5' end. and. annealing at the 3 ^ _ (Tahlf- ■ 

■1 ollgonucleotidesjof the serres SYHLIgl 0 : 

5 XV, The PC contained 2.5 P~^* °* ^^i^- 
appropriate pair of W>2#>i.^ 
^ containing 250pH ^ ^ ^ 
20 mM TrisHCl (PH8.8), 2mM MgC12 lOOug/^ ^ w ^ 
unit) of Tag DMA polymerase (Cetus). The temp 
Cof a bacterial. stoc* of H^coli 

£ g e clone encoding appropria^ j» «- » ^ ^ 

vhLS oligonucleotide and 30pmol of JHSAL 
the same vhbauk. ony^ ^. „ . ^ oir 15 

(Ta ble IV) was added, and the PCR ^^^^ rf 
Lies, introducing a Sail cloning site at 3 en 

After verifying that a band of the 
the VH-gene. After veriiy^y 

• alv size was seen on agarose gel 
appropriate size was ^ edifications 

electrophoresis, the PCR proaucxs i ec ted cut 

done with the same SYNLIB primer were collected, cu 



25 



30 
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with Ncol and Sail, and cloned into Ncol^Xhol-cut pHENl- 
V 3 (p^l containing cloned IGLV3S1 ) as in Example 5. 
I„ this wa y , 9 libraries (each with one particular CDR3 
length) were made, each containing between 5 x 10 and 
x 10 7 clones. : -j. 



10 



15 



Selection -ai^.--. 

Phage was prepared from the nine different 
libraries by rescue with VCS-M13 as descri^ in Example 
3 :# Phage from the nirig individual libraries _was mxxed 
tolgive one large libflry and subjected tojpanning on 
ontof each of 2 antigfs: Immunosorp tube^were coated 
(human antg||esus D antibody, vlgg3,. k) 



overnight in carbdna^uf fer (0.1 N NaH^|||*H 9.6 at 
it ug/ml) or human ^globulin (coated|||^0ug/ml a 
iff), selections w^ferformed as in E^gle 3. 



via ... 

.V£-. 
vttn 

,ine -r.: 

_oi?.ary 

:ifjj|jns : 

-rcfjpu. 

•trot: 



20 



25 



30 



35 



ELISA was perfcfgp as described in^genboo" et 
1991 supra. EL^glates were coate^emight with 
0AK3 at lOOug/ml in^at room temperat^W with 
tlLan thyroglobulinMlOOpg/ml at room gperature. 

,s • **• • 




. Jo? 



IT:, 



Results cr. 
~' A^ter four rounds of selection on 0AK3-coated 
tubes, eluted phage was used to infect HB2151, and 
soluble scFv fragments analysed for binding by ELISA. 
59/96 clones were scored positive in the OAK3 ELISA. 

The germ line human synthetic library was also 
subjected to: 5 rounds of selection on human 
thyroglobulin coated tubes, 80/96 clones were found to 
be positive in a phage ELISA of individual clones 
rescued with VCS-M13. 

Two of each of the positive clones were analysed in 
ELISA for binding against a range of antigens (0AK3, 
human thyroglobulin, phOx-BSA, NIP-BSA, BSA, ovalbumin, 
chymotrypsinogen-A, streptavidin, cytochrome c, KLH, 
turkey egg-white lysozyme). The two 0AK-3-binding 



.■.m,i 



' "■ ... 
* was 
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, liable scFv fragments) both gave signals 
^JZZ T^T^Jl^, background In ELISA on 
approximately ^ IUAU y ,„ <ic.Fv 

«£s. The two thyroglobulin binding clones (« scFv 
Lgeents displayed on phage, both gave signals 

, — 1~ s-fold higher than background in 
8PPr0 7^n ELISA «L tbe clone, were found *> be 
T ^r* antigen against which they had 

9 Z hybridisation to fa»ily-specific 

.een selected. Jy hy & ; 

primers CJ-D. Maries ex: ew., identified 
1991) thl VH segment of all|four clones was ^entxfie 
iyyi;, «s? _f^„o 1an ni-h of eacli'clone 



1991) ' %I \Tf^ily ThlcOBa length of eaoifclone 
■to be of jthe VH3 family. "3* ' ; of. r 

was analled by amplifying ^.CDR3 with ^ 

oXi^onucf tides c«« ^^^^0, 
analysigfthe product on a jf^ 0 ^!* lengtii «4 or 7 
the two^AK3-binding c1om»P found a len ^M^ 
the ^^ta . thyrogiobulih blgM 1 ^ 

of 10 residues. jT 



amino a|||f residues , while 
clones : Mfc use a CDR3 1 

Hence; antibody scFv;:| 
monodoffip antibody and a 
isolatJfl§rom a human germ 




loents binding to^human 
& self antigen lMjF been 
syrvthe-tic libxrap 
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% 10 
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25 



30 



35 



Example 8 

isolation nf antibody fragments tri 
of the interleukin-1 receptor 

The library of single chain Fv fragments derived 
from an unimmunised human that was described in Example 
1 is used to select antibodies which will trigger the 
activity of the interleukin-1 receptor. Antibody f 
fragments are first isolated which bind to the soluble 
external domain of the interleukin-1 receptor ( IL-1R) of 
T cells. Antibody clones that are thus identified are 
then analysed in assays for interleukin-1 type ^ 
biological activity. The IL-lR-oh murine and human^T 
cells is a highly homologous 80§picell surface ; 
glycoproteiJWich binds both interleukin-1 a and ^ 
ihterleukirilp. A cDNA clone eroding the N terminal ^ 
316 amino actds of the murine r|ceptor external do|ain 
has been exfessed in HeLa cell! (S.K. Dower **M*^ 
Immunol, 14ff 4314-4320 1989). l#h> soluble IL1-R |||. , 
molecule thl expressed has be1| purified and sho||r 
binding profiles indistingui||able from the *ulj|j; 
length IL-lf molecule, a compiel being formed between a 
single soluble IL1-R molecule and IL-1. This soluble 
receptor molecule binds to human interleukin-1- The 
human T cell interleukin 1 receptor has been cloned and 
sequenced by J.E. Sims et al (Proc. Natl. Acad. Sc ; V USA 
86 8946-8950, 1989). The soluble external domain of the 
human ILl receptor, amino acids 1 to 316, is expressed 
in HeLa cells and purified as described for the murine 
receptor. 

The rescued unimmunised human library is first 
selected against the recombinant human soluble IL-1 
receptor, corresponding to the external domain of the 
IL-1 receptor. Immunotubes are coated with the soluble 
IL-1 receptor as described in Example 1 at lOug/ml and 
panning is performed as described in Example 1 for a 
total of four rounds of affinity selection. 

Clones binding to soluble IL-1 receptor are 
characterised by ELISA using microtitre plates coated 



WO 93/11236 



PCT/GB92/02240 



10^ 

# 



74 

with recombinant soluble IL-1 receptor at lOug/ml as 
described for TNF-a in Example 3. Antibody fragments 
showing significant ELISA signals with soluble IL-1 
receptor but not with non-specific antigens are then 
chosen for further study. . 

Antibody clones isolated in this way are then 
expressed as soluble scFv fragments in EXoli and 
purified as described in Example 4 by. mAb 9E10 affinxty ^ 
chromatography. Binding to human receptors is assessed . p 
using binding of -^-labelled antibody fragment to ^ 
human fibroblast lc4il line TIG-1 expressing the * ;t 

; interleukin-1 re&ptor basically as;|escribed by T-**^ 
\ et al (Eur. J- 22 1221-122*992) for y ^ 

' determining the fff inity of ^-n^dr the receptor^ 
^on these cell iffe The purified .g^ody fragments^^ 
that show recepltfbinding are usedf||a biological _ 
| screening assayf^ 



cells *fco examinlgj 



screening assay^ing human epithu_^, 

' them for stimuiM^h of synthesis prostacyclin (PGJ| 
and platelet 



25 



30 



ana -J*** factor (PA^s described by E| 

Dejana et al Cti&M 695-699, 198^ These studies 
will identify an||ody fragments whjch. have an antise^ 
specificity against % • ag|in 

IL-1 receptor which triggers receptor activity. The 
activity can be quantified relativeTto human 
interleukin-la using a standard bioassay for IL-lflt for^ 
example proliferation of the D10S helper T cell line 
using 3H-thymldlne incorporation (S.F. Orencole and C.A. 
Dinarello Cytokine 1 14-22 1989) or a conversion ■ 
proliferation assay as described by A.J. Gearing et al 
(J. Immunol. Methods 99 7-11, 1987). 
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Table I Frequency of binding clones isolated from the 
unimmunised scFv library after selection 



Antigen 



Rounds of selection 



No. of 
unique 
clones 



Thyroglobulin 
( bovine ) 

ThyrogJfobulin 
(human);: selected 
on bovine 

Fogl ('toiman IgGl, 
k antdijpdy) 



TNFa • (ihuman ) 
CEft uuiirian) 




MUC1 Sfthuman ) : 
selected." with 
peptii 





18/40 



10/40 




12 



4 
7 
1 

1 
1 




The ratios indicate the frequency of binding clones after each 
round of selection. Phagemids were rescued : wittgM13DgIII 
helper phage, except for the CEA, MUC1 and rsCD^ selections, 
where VCS-M13 helper phage was used. r -J 
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Table IX ^e^l^E S^ derivation and_exten^ 
^^^ergu^ion of several ant^et^gc^ 
scgv fragments igjx latgd ^ the nrnimnunised librar y 



scFv 



Family 



HEAVY CHAINS 

oThy-23 
aThy-29 
aThy-32 
aThy-33 

OF0G1-A3 
OF0G1-A4 
OF0G1-H6 
aF0Gl-G8 a) 



aTNF-Al 
ttTNF-El 
aTNF-E7 
OTNF-H9G1 

OCEA4-8A 
aMUCl-l ar 



OCD4-74 



TVHl 
iVH5 



Gennline 
gene of 
closest ' 
nucleotide 
sequence ^ 



Differences from germline 



Nucleotide Amino-acid 



DP-47 
DP- 14 
DP-31 
DP-49 

DP- 54 
DP-46 
DP-51 

DP-63(FRji 
DP-73(CDj|gp 
td^3) 

DP-50 
DP-46 
DP-10 
DP-4 

DP- 14 
VI-2 (FRlS 

to CDR2) 
DP-25(FR%) 
DP-73 

•*5 




13 
0 
5 

32 

7 
7 
10 
2 

15* 



9 
14- 
0 
1 

1 
2 

0 
13 



\ 



LIGHT CHAINS 

aThy-23 
aThy-29 
aThy-32 
aThy-33 a > 



OF0G1-A3 
OF0G1-A4 
OF0G1-H6 
OF0G1-G8 



Vkl 

V 3 

V 1 
Vkl 
Vk4 

V 2 
Vkl 
Vkl 
Vkl 



L8 20 
IGLV3S1 0 
IGLV1S2 1 
L12(FR1 £ CDR1) 6 
B3(FR2 to FR3) 5 



VL2. 
04 
L5 
L8 



16 
25 
36 
27 



9 
0 
1 
3 
5 

9 
12 
17 
14 
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scFv 


Family 


Germline 


Differences from germline 


gene of 








closest: 








nucleotide 








sequence 


Nucleotide Amino-acid 



LIGHT CHAINS 



aTNF-Al 


Vkl 




Lll 


12 


aTNF-El 


Vkl 




L5 


•■5 


OTNF-E7 


Vkl 




Lll 


17 


OTNF-H9G1 


V 1 




IGLV1S2 


18 


OCEA4-8A 


Vkl 




02 


%t 
-18 


aMUCl-1 


V 2 




VL2.1 


OGD4-74 
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References for^U.1, the heavy chaihjgermline genes . ce 
f|und in Tomlinson il -al. (1992). Thejreferences for the,j^ght 



Plains are VL2.1 (Brockly et al. 1989 )JgGLVlS2 (Bernard ||||1. 

|||90); IGLV3S1 (Frifpfa* et al. 1990 and L5(Vb) ^ech . 

m'al., 1984); L12^102) (Bentley andj|pbbits, 1980); B3^|y) 

Ijllobeck et al., llftf;- 02 and 04 (Pargenfc; et al., 199,1 ) V 

(Scott et al., 199lTI?HumlvlLl ( Daley et ;al . , 1992)- idWVr 

Alternative names are given in parenthesis. ,; .-sWr^ : 

•• <#< ---pp. "pt- . 

i a) These genes appear to have been created by crosfc 2n 

♦ overs between two V-genes during PCR amplification and rW or$f .-</■-. 

^therefore matches have been determined**using the two put«t"£ye , s! 

germline segments: FR, framework; CDR, complementarity-; :s 'fi\ 7 . 

determining region* .on* 

Bentley, D*L. and Rabbits, T.H. (1980) Nature, 288, 730-3 . : 
Bernard, F* , Chuchana, P., Frippiat, J. P., Buluwela, L. and 

Lefranc, M.P. (1990) Nucleic Acids Res , 18, 7139. 
Brockly, F., Alexandre, D., Chuchana, P., Huck, S., Lefranc, G. 

and Lefranc, M.P. (1989) Nucleic Acids Res , 17, 3976. 
Frippiat, J. P., Chuchana, P., Bernard, F., Buluwela, L., 
Lefranc, G. and Lefranc, M.P. (1990) Nucleic Acids Res , 18, 

7134. 

Klobeck, H.G. Bornkamm, G.W., Combriato, G., Mocikat, R. , 
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Ta , ha ,> H G (19B5) Nucleic Aclds Res * 13r 
Pohlenz, H.D. and Zachau, H.G. U» 

6515-29. ... , , c and zachau. 

Parent. W- . Meindl. A.. Thiebe, ... M±«1, >. and 
h g" (1991) g»T J Immunol , 21, 1821-7. 

Pohlenz, H.D., Neumaier, P.S., 
Penh m. , Jaenichen, H.R., ™ IUB1U '' 70 . . 

(M91) j aaiunol , 47, 4007-13. * ^ ' 

0. (X992) iS^Blol- 227, In prass. _ 
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Table IV Oligonucleotides used 



SYNLXB1 : 



SYNLIB2 : 



SYNLIB4 : 



SYNLIB5 : 

.• STOLIB6 : 

w» - 

ISYNLIB7 : 



lpNLIB9 : 




5 'GCC TCC ACC TCT CGA GAG ^ T GAG GGT ACC ?TG 

GCC CCA ATA GTC AAA (A/CNN) 5 TCT TGC ACA GTA ATA 
CAC GGC CGT GTC-3' . . 

5 'GCC TCC ACC TCT CGA GAC ^ GAG CAG GGT ACC^TG 
GCC CCA (A/CNN)5 TCT TGC ACA GTA ATA CAC GGC CGT 

gtc-3' :a 

5 • -GAC CAG GGT ACC TTG GCC CCA ( (A/C)NN)4 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' ^ 

S'-GAC CAG GGT ACC TTG GCC CCA < (A/C)NN)5,TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3 ' ^ 

5--GAC CAG GGT ACC TTG GCC. CCA ( ( A/C)MK)6 ^ TGC 
ACA GTA ATA CAC GGC CGT GTC-3* ^ . . 



J'-dAC CAG GGT ACC TTG.lcC.CCA ( (A/C)NN)7:|ct. TGC 
ACA|jSTA ATA CAC GGC CGT^3TC-3 ' M^G' 



'fc™8 - S'-GAC CAG GGT ACC TTG fci. CCA ( (A/C)NN)8^TGC 

.^SYNLIBS . IcMih ATA CAC GGC CGT|GTC-3' 



5'Jlf CAG GGT ACC TTG^S.CCA ( (A/C)NN)9^^TGC 
ACAJgTA ATA CAC GGC C^-EKTC-S' 

i.-Sl CAG GGT ACC vJg&.CC* ( ( A/C)NN)iMct TGC 
LCAfGTA ATA CAC GGC CGTlGTC-3' jJtfc : 



i^SYNLIB12 : 



JHSAL : 

CDRFOR : 
CDRBACK : 
Human VH Back 
HuVHlaBACKSfi 
HuVH2aBACKSfi 
HuVH3aBACKSfi 
HuVH4aBACKSfi 
HuVHSaBACKSf i 
HuVH6aBACKS£i 



ACA|gTA : ATA CAC GGC 

5' CAG GGT ACC TTG^ CCA ((A/C)HM)Sfe TG ° - 
ACAkGTA ATA CAC GGC a^GTC-3' ^ ^ 

g.J^C CAG GGT ACC TTG^IcC CCA ( ( A/C)NN)i|^CT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' ^ 

5' - GCC TGA ACC GCC TCC ACC AGT CGA CAC GGT GAC 
CAG GGT ACC TTG GCC CCA-3 T 

5'- CAG GGT ACC TTG GCC CCA- 3 ' ^, 
5'- GTG TAT TAC TGT GCA AGA-3 ' .... 
Primers 

5. -GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG GCC CAG 

GTG CAG CTG GTG CAG TCT GG-3* 

5* -GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG GCC CAG 
r*nr AAC TTA AGG GAG TCT GG-3 f 

S^GTC CTC GcTaCT GCG GCC CAG CCG GCC ATG GCC GAG 

GTG CAG CTG GTG GAG TCT GG-3 ' 

5' -GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG GCC CAG 

5^?GTC G CT^GCa\cT G GCG G GC^CAG CCG GCC ATG GCC CAG 

^^^ST^^ CCG GCC ATG GCC CAG 



GTA CAG CTG CAG CAG TCA GG-3' 
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CLAIMS : 

1. A method of obtaining a- member of a specific binding 
pair (sbp member), the sbp member being an antibody or 
antibody fragment and having an antigen binding site with 
binding specificity for an antigen which is a self ... 
antigen of a species of mammal, the method comprising: 
(a) providing a library of replicable genetic 
display packages (rgdps), each rgdp displaying^at 
its surface an sbp member, and each rgdp containing 
^ 10 nucleic acid with sequence derived from said ^pecies 

,4fv of mammai and encoding a polypeptide chain wh^gh. : is 

'ZpS* a component part of the sbp^member displayed j^the 

surfaced/of that rgdp; •a& i ? 
Il§^* (b) selecting, by binding^ith said self ant||j^ 

Ills one or I&re sbp members witH^binding specif ic||^f or 

V said self antigen. i^falt 

J; 2. A meth^ Recording to cla^fe wherein said fn^Wing 
a library ofirtjdps comprises: H JpV -y^ 
combining ;( i ) a first polypeptide chain compg 
&0 part of an sbp r member fused to i^ebmponent of a rg 

which thereby displays said fir ^polypeptide cha^p^y 
component paxrt or population thereof at the surf aq^3f ; 
^ . rgdps on expression in a recombinant host cell orq^isp, 
# or a population of such a f irst ^polypeptide chain^g^ - 

25 component part fused to a said component of a rgdp^with 
it (ii) a second polypeptide chain ^component part of jC aji pbp 

x member or a population of such a second polypeptide chain 

component part, to form a library of sbp members y 
displayed at the surface of rgdps; t e 

30 at least one of said first or second polypeptide 

chain component part or populations thereof being encoded 
by nucleic acid which is capable of being packaged using 
said component of an rgdp. 

3. A method according to claim 1 werein said providing 
35 a library of rgdps comprises: 

combining (i) nucleic acid which encodes a first 
polypeptide chain component of an sbp member fused to a 
component of a rgdp or a population of such a first 
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polypeptide chain component: par* fused to a component of 
a rgdp, with (ii) nucleic acid encoding a second 
polypeptide chain component part of an sop member or a 
Population thereof, to form a library of nuclexc acxd, _ 
5 nucleic acid of said- library being capable of bexng 
packaged using said component of an rgdp; 

expressing in, a recombinant host ; organxsm saxd firrt 
polypeptide chain Component part fused; to a co ^ nen ^; n 
>l rgop or population thereof and saidfsecond P™«^, 
10 #chain component pajt of an sbp ".ember^or a population 
X l^reof, to product a library of rgd%each displayxng a^ 
Sits surface an sb^iember and containing nucleic acid 
^encoding a first f 'a second polypep^de chain componen^ 
^part of the sbp mffcer displayed at .^surface. 

h. A method accfdxng to claim 1.;^ 3 wherexn each^ 

k? .Mi axmt * t he surface of an rgdp xs .am 

I'said sbp member delayed at the surr^ 

[antibody frag*en|feprxsing a V H domgi* and a V L Jo«a^ 
II. A method acpting to claim 2 v||ein both said^ 
feirst and se^ndjppypeptide chain component parts or j 
populations therefore expressed fr||>ucieic acid J 
capable of being ^ckaged using said^omponent of an ^ 



2tfilr populations tner^i^e ^g^ > . _ 

'^Spk rgdp- '^§R . . » ' 

# fi A method according to any precetog claim 

: :d .3CCO v 

5 each said sbp me% displayed at th|surface of an rgdp^ 
25 is an scFv antibody fragment. ^ it&bV.' 

^ 7. A method according to claim 2 or claim 3 wherexn ^ 



30 



35 



said second polypeptide chain component part or 
population thereof is encoded by nucleic acid separate 
from nucleic acid encoding said first polypeptide chaxn ^ 
component part or population. 

8. A method according to claim 1 or claim 7 wherexn 
each said sbp member displayed at the surface of an rgdp 
is an Fab antibody fragment. 

9 A method according to any one of the preceding 
claims wherexn the nucleic acid is derived from 
rearranged V genes of an unimmunised mammal. 

10 A method according to any one of claims 1 to 8 
wherexn the nucleic acid is derived from a library 
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prepared by artificial or synthetic recombination of V- 
gene sequences. 

li. A method according to claim 10 wherein the library , 
is derived from germ line V-gene sequences. - 
5 12. A method according to any one of the preceding 
claims wherein said species of mammal is human. 
-13. A method according to any one of the preceding ^ 
Idairns wherein sbplnembers selected in^(b) displayed at ,J 
:|the surface of rgd$s,are selected or sfareened to provide,.^ 
10 -#»h individual rgdpMsplaying an sbp^ member or a mixed ^ 
Tjpopulation of said^dps, with each r^p. containing * 
^ucleic acid encodS the sbp member xg^a polypeptide 
llhain thereof whiffs displayed at i^.|s,urf ace. w jf ? " 



A method ac 



to any one °^fe^ e Preceding 



fclaims wherein 
^screened sbp n* 
fwkich displays a 
imember is used 
^derivative therecjj|| 

lis. 



"*t3^3.c acid which en 



Jes^ a selected or 
|nd which is der|j^ : from an rgdp 




W& surface a selecg 
jress an sbp tnc 
i a recombinant ] 



or screened sbj 
jqr a fragment pi 
\s% organism. _ 



A method acting to claim 14 »rein nucleic ?e^H| 



from one or more ls is taken and i^d to provide 
r encoding nucleic 



30 



35 



lid in a further method to obtain an 

, si 1 - -fl|. * ' ' 

_ individual sbp member or a mixed population of sbp 
^members, or encoding nucleic acid th^efor. 
$16. A method according to claim 14 or claim 15 wherein^, 
t? the expression end-product is modified, to produce a x £ 
• derivative thereof. -rac 

17. A method according to any one of claims 14,15 and 16 
wherein the expression end product or derivative thereof 
is used to prepare a therapeutic or prophylactic _ 
medicament or a diagnostic product. 

18. Use, in a method according to any one of the 
preceding claims, of a kit comprising a library of 
nucleic acid sequences capable of being packaged in rgdps 
and which encodes a polypeptide chain component part of 
an antobody for display at the surface of rgdps. 

19. Use, in a method according to any one of claims 1 to 
17, of a kit comprising a library of rgdps each 
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containing nucleic acid encoding at least one polypeptide 
chain component part of an antibody. 
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